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Sputnik No. 


The whole of humanity admires the great scientific feat ot 
the Soviet people who have produced the world’s first man- 
made Earth satellite. A new era in the history of the develop- 
ment of science and engineering started on October 4, 1957, the 
day when the satellite was launched. 

The great interest displayed towards everything concern- 
ing the satellite is understandable. What is its design? How 
was it put up to such height? How long will it be circling the 
Earth? What data needed for science are we receiving from it? 
These are but a few questions which agitate entire progressive 
mankind. 


The Satellite’s Design 


The satellite is spherical in form with a diameter of 58 cm. 
It weighs 83.6 kg. The body of the satellite is made of alumini- 
um alloys and its polished surface has been specially . treated. 
Inside the body are various instruments as well as the power 
resources for the apparatuses, in particular, for the two radio 
transmitters which continuously emit signals received at a dis- 
tance of up to 10,000 km. On the outer surface of the body four 
aerials in the form of rods 2.4 to 2.9 metres long are installed. 

During the flight, the satellite is subjected to sharp heating 
and cooling. Soviet scientists had to elaborate many problems 
in order that the satellite’s design ensure normal temperature 
conditions for the work of the apparatus over a long period. 
This is achieved by the proper selection of materials, distribu- 
tion of instruments, as well as the circulation of gaseous nitrogen 
with which the satellite was filled before its launching. 


How the Satellite Was Placed in Its Orbit 


The problem always arose before people who dreamed of 
penctrating beyond the Earth’s atmosphere—what means are 
needed to attain this? K. E. Tsiolkovsky, the outstanding Russian 
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scientist, solved this problem. He showed that a rocket was 
the means for space flight. 


The carrier-rocket used for launching the first satellite is 
an intricate device. It has powerful engines, working at various 
temperatures and at low air densities and capable of driving 
the rocket up to an altitude of a thousand kilometres. Soviet 
scientists very accurately elaborated a system of steering the 
rocket. 


DRAWING 

OF THE Sputnik —~ 
THREE-STAGE ; 

ROCKET Third-Stage — 


The first stage — 


a guided rocket 
launches the whole 22M 
missile to a _ pre- 

calculated height 

and imparts 15 per 

cent of the requir- 

ed orbital speed of Semeuasiiage 
the satellite. 


The second stage — 


a rocket with a 

liquid fuel engine 

provides for attain- _ 

ing the next height ; 

stage, and imparts First-Stage _- 
32 per cent of the 

satellite's orbital 

speed. 


The third stage — 


a rocket with a 
hard fuel engine. 
The satellite is 
placed in its nose 
and is separated 
when the required 
orbital speed is at- 
tained. 


The satellite was placed in the nose of the carrier-rocket 
and sealed behind a protective cone. The other part of the 
rocket was filled with fuel and various control instruments. 


The rocket was launched vertically. Then, with the help of 
a special device, the rocket’s axis gradually started to curve 
away from the vertical course. At an altitude of several hund- 
red kilometres the rocket started to move parallel to the Earth 
at a speed of 8,000 metres per second. 


Orbit 
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Launching trajectory of the satellite with a three stage rocket 
1. Fall of First Stage Rocket 


2. Fall of Second Stage Rocket 


When the engine stopped working the protective cone was 
automatically dropped away and the satellite separated from 
the rocket and started out independently. Three unusual 
bodies appeared in space, the spheric satellite, the carrier- 
rocket and the protective cone. At first they moved at a small 
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distance from each other, then they parted. This is mainly ex- 
plained by the fact that all the three bodies experience different 
resistance in the upper atmosphere. 


The Satellite’s Orbit 


The orbit of the satellite is an ellipse. Its lower point at 
present is in the northern hemisphere, and its highest in the 
southern. The plane of the satellite's orbit crosses the globe 
approximately from south-west to north-east. 


The plane of the orbit remains almost constant as regards 
the stars. However, the Earth rotates around its axis from west 
to east. This rotation takes place, as it were, in a circle formed 
by the orbit of the satellite. Therefore, with each new revolu- 
tion around the Earth, the satellite passes over various regions 
of our planet. With each new loop the satellite is displaced 
about 24° in longitude. 


[f, for instance, during one of its revolutions around the 
Earth the satellite passed over Moscow, in its next loop it will 
fly approximately 1,500 km. west of Moscow, somewhere over 
the territory of the German Democratic Republic. In the 
region of the equator this displacement will amount to about 
2,500 km. for each loop. The altitude of the flight of the satel- 
lite over the Earth’s surface is not invariable, reaching approxi- 
mately one thousand kilometres. 


Will the orbit change with the passage of time? Yes, it 
will. At first these changes will be insignificant, as the density 
of the atmosphere at the altitude of the satellite’s movement is 
very small. As the satellite comes down to denser layers of the 
atmosphere its orbit will start to resemble a circie. The perioa 
of its revolution around the Earth which at present is 96 minutes 
will be diminishing. 


Under the influence of the air the satellite will become hotter 
and hotter and will finally burn away like meteors (“falling” 
stars ). 


Radio Signals from the Cosmos 


A special station for visual observation has been set up at 
the Kharkov Astronomical Observatory. A specially organised 
group headed by its director, Nikolai Barabashev of the Ukrai- 
nian Academy of Sciences, handles the reception of signals from 
the satellite. 


The baby moon is tracked by means of radio signals recei- 
ved on the 15 and 7.5-metre wave-lengths, the ones on which 
the satellite’s both radio transmitters operate. The choice of 
two wave-lengths is due to the fact that the 15-metre wave, 
located on the short-wave band, is reflected by the ionosphere. 
Besides, almost all amateur radio operators work in this band, 
since it ensures greater distance in radio transmission. The 7.5 
metre wave-length, however, belonging to the ultrashort-wave 
band, freely penetrates the ionosphere. 


This provides an opportunity of studying the reception of 
radio impulses from the upper layers of the atmosphere on the 
short and ultrashort wave-lengths. The importance of receiving 
these radio signals is that, firstly, the period of the satellite's 
revolution can be determined. The more observations. we have, 
the greater the accuracy of the calculations. 


The importance of it is that we can tell what is happéning 
to the satellite. If the period of its revolution decreases, then 
the satellite is getting closer to the earth. But if it remains con- 
stant all the time, it means, the satellite is very stable on its 
course and, therefore, will continue to move along its orbit for 
a long time. 


Secondly, the radio signals make it possible to investigate 
the upper reaches of the atmosphere, in particular the iono- 
sphere, and the passage of radio waves at various heights. This 
is especially interesting at the time of maximum solar activity, 
when there are many spots on the sun, as is the case at the 
present time. 


Whether it will be possible to use the satellite in the near 
future as relay points for T.V. broadcasts is something that 
cannot be answered precisely as yet, since in the observation of 


Q 


the satellite we have to deal with the colossal speed of its revolu- 
tion around the Earth. At such high cosmos speeds various 
phenomena unfamiliar to the Earth take place. Thus, before, 
when there was no artificial satellite transmitting radio signals, 
it was impossible to study the so-called Doppler Effect in radio 
reception, a phenomenon discovered way back at the beginning 
of the nineteenth century by the Austrian physicist and astrono- 
mer, Christian Doppler. The substance of it is that during the 
motion of the source of sound, electromagnetic or any other 


Pupils of a Moscow secondary school listening to sputnik's 


signals 


A replica of Sputnik | 


type of waves in relation to the observer, the latter receives 
these waves in a frequency which depends on the speed of this 
motion. When the source of the waves approaches the radio 
receiving set the frequency of the vibrations increases, and when 
going away it drops. The Doppler Effect may be met every day 
in sound vibrations: a high tone in the sound of an approaching 
train or the motor-car changes into a low tone when passing us. 
It is considerably harder to investigate Doppler’s phenomenon 
in electromagentic and light vibrations. 

The Doppler Effect plays an important role in astronomy, 
since it makes it possible for us to determine the radiation speeds 
of stars, nebulae, etc. 


Sputnik Is Not a Fruit of an Accidental Success 


Having radically reformed the country politically and eco- 
nomically, the Great October Socialist Revolution unfolded the 
broadest of horizons for scientific progress. Freed from the 
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fetters of selfish capitalistic greed, science became one of the 
decisive factors making for the advancement of socialist society. 


V. I. Lenin allotted tremendous attention to scientific deve- 
lopment, displaying truly paternal care for the Soviet scientists, 
to create for them the utmost of favourable conditions for their 
scientific work. The party and the Government were unsparing 
of resources and energies to aid the scientists in every way and 
build up and foster new cadres of a scientific and ‘technical 
intelligentsia. 


Science was vastly instrumental in the entire constructive 
building of socialism. Its importance has tremendously grown 
ever since building of Communism was launched in our country. 
The Communist Party’s general line for industrialization, for the 
priority growth of the production of the means of production, 
for the accomplishment of the USSR’s prime economic goal, and 
for having a higher productivity of labour than under capitalism, 
necessitated the all-round promotion of theoretical and practical 
research and investigation in all branches of knowledge and the 
best practical application of the fruit of scientific exploration 
and study. Each new step in the development of socialist indus- 
try gives food for science and poses new tasks before it. In its 
turn science acts upon technology and production. 


The successful launching of the first man-made Earth’ 
satellite is the logical result of Soviet scientific and technical 
progress in socialist conditions, a logical victory for socialism. 
cver capitalism. What, then, are the achievements of our science 
and engineering that made this success, this well-deserved 
triumph of our people, possible? 


Achievements of Soviet Physicists 


In the last quarter of a century, in the world of natural 
sciences, physics has forged way ahead. Rapidly growing, phy- 
sical research and investigation resulted in accomplishments of 
staggering importance. 

Speaking of the achievements of theoretical physics, we 
must note above all the further elaboration by Soviet scholars of 
the theory of relativity notably in the aspects of the non-station- 
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ary solution of Einstein’s equation of gravitation and the problem 
of the law of the movement of the system of bodies. 


Soviet physicists largely contributed to the development ot 
modem quantum mechanics. An important landmark in this 
direction was V. A. Fok’s approximated method of resolving 
problems of the quantum mechanics of many particles. The 
theory, propounded by Soviet scientists, of the inception of 
nuclear forces as the outcome of the exchange of light particles 
and the evolution by our physicists of the liquid-drop model of 
the nucleus essentially influenced the further development of the 
theory of nuclear forces. 


The discovery of the Vavilov-Cerenkov effect was of pre- 
eminent importance. The authors of the theory of this éffect are 
I. Y. Tamm and I. M. Frank. They have solved the problem 
of the radiation emitted by an electron when moving in a given 
medium with a velocity greater than that of light. 


L. D. Landau’s works on thermo-dynamics and static physics 
and P. L. Kapitsa’s discovery of the super-fluidity of liquid 
helium which made it possible to predict the phenomenon of the 
second sound in helium, subsequently spotted in experiments, 
also rank among major achievements of Soviet theoretical 
physics. 


‘Experimental physics, especially nuclear physics, gained 
signal successes. Started yet in 1924, cosmic ray investigation 
by means of the Wilson chamber developed into a series of ex- 
periments conducted to investigate the properties of elementary 
particles, artificially split the atomic nucleus, ‘and study artificial 
radio-activity and the machinery and laws of the formation of 
positions, In 1940, the spontaneous fission of uranium nuclei 
was discovered in the Soviet Union. Shortly afterwards it was 
found that by a small enrichment of a natural mixture of urani- 
um isotopes with uranium-235 a chain process of fission was 
possible with the use of ordinary water as a retarding agent. 


In the peaceful use of atomic energy Soviet science has 
gained achievements in recent years which have brought it to 
the fore in world science. 

Z 
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V. I. Vexler’s method of “auto-phasing” charged particles 
made the construction of powerful accelerators possible. The 
world’s biggest 10,000 Mev proton accelerator, started this year, 
is based on this method which is now applied all over the world. 


In the making of accelerators, the basic instrument for 
investigating the properties of elementary particles, our scien- 
tists and engineers have reached the highest energies ever ob- 
tained in world research laboratories. Currently research and 
designing is being done to construct a still more powerful 50,000 
Mev accelerator. When completed, this will give another 
mighty impetus to the advancement of nuclear physics. 


Extensive research in the physics of nuclear reactors and 
reactor making is being carried on in the Soviet Union. One of 
its results is our atomic power plant, the world’s first. The 
successful running of this power plant served as the basis for 
programming the construction in the next few years of several 
bigger atomic power plants. Currently work is being done to 
design atomic engines for transport purposes and an atomic 
ice-breaker is also being built. 


The construction of nuclear reactors has made it possible 
to start also the production of radio-active isotopes which are 
widely employed in research laboratories and at the country’s 
industrial establishments as radiation sources and “tracer” atoms. 
Radio-active isotopes helped to disclose the pith of several invol- 
ved processes occurring in nature and technology. They have 
helped, for instance, to obtain a wealth of new data about the 
process pattern of photosynthesis, the movement and absorption . 
of nutritive substances in plants, the bio-chemistry of the higher 
nervous activity and several other biological problems. 


We must indicate among the investigations of fundamental 
importance for the use of nuclear energy, the work done to achi- 
eve a controlled thermonuclear reaction by means of high-energy 
impulse discharges. This allowed us to obtain temperatures of 
more than 1,000,000°C in laboratory conditions for the first time 
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in the world. The investigation of high-energy gas discharges 
brings "ss closer to the solution of the master task of present-day 
science, the evolution of a reactor capable of working on heavy 
and super-heavy hydrogen (deuterium and tritium), and not 
uranium fuel. The work of I. V. Kurchatov, M. A. Leontovich, 
L. A. Artsimovich, and other scientists is tremendously important 
for the accomplishment of these objectives. 


There would have been no satellite without the present-day 
accomplishments of radio engineering, the beginning of which 
is linked with the name of the Russian scientist, A. S. Popov. 


In the grim years of the Civil war and postwar chaos, V. I. 
Lenin, the founder of the Soviet state, backed the remarkable 
scientist, M. A. Bonch-Bruevich, who in his Nizhni-Novgorod 
laboratory enriched radio engineering with his investigations in 
radio instrument making. He built in 1922 the world’s then most 
powerful 12-kw radio-telephone station. The world’s first radio 
concert programme was relayed in the Soviet Union. The 
USSR’s radio engineering is steadily improving and is now 
tackling new and greater problems. 


Communication with the satellite would be impossible with- 
out a knowledge of the laws of the propagation of radio waves, 
specifically in the ionosphere. The Earth is blanketed by a layer 
of air of which the atoms become ionised due to their bombard- 
ment by cosmic rays. This layer, known as the ionosphere, is 
“transparent” only to radio-waves of a definite frequency, re- 
flecting back waves of other frequencies, Acad. M. V. Shuleikin 
was among the first: to dedicate his energies to a study of the 
propagation of radio-waves in the ionosphere. 


For twenty-five years now work has been done continually 
in the Soviet Union to “sound” the ionosphere by means of 
several dozen ionosphere stations. This all made it possible to 
correctly pick the radio-wave frequency for communication with 
the satellite. In 1930 Academicians L. IJ. Mandelstamm and 
N. D. Papaleksi theoretically substantiated and practically ac- 
complished the phasal methods of distance measurement by 
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means of radio-waves. The stations now tracking the satellite 
are patterned on these methods. 


Radar was the first means enabling man to peek into outer 
space for the first time way before the first Earth satellite was 
launched. We mean the measurement of the distance to the 
Moon by means of radar. This was theoretically substantiated by 
Acad. N. D. Papaleksi. Radio-astronomy, a new branch of 
science, developed as a consequence of the successes gained in 
advancing aerial engineering and in increasing the sensitivity 
of radio-receiving equipment. Radio-telescopes are now used to 
study the sun and investigate the so-called “radio stars”, 


Semi-conductor research is widespread. A signal achieve- 
ment was scored in the investigation of thermoelectric pheno- 
mena. This work, done under A. F. Ioffe, resulted in the 
designing of thermoelectric generators transforming heat energy 
directly into electric power. 


A great future lies ahead of semi-conductor photo-elements 
which transform the energy of different radiations into electri- 
city. Silicon photo-elements convert the energy of sunlight into 
electricity. 


The semi-conductor laboratories of the P. N. Lebedev Insti- 
tute of Physics and of the Institute of Engineering Physics have 
elaborated the theory and investigated the electrical properties 
of semi-conductors. On this basis they have evolved Soviet- 
made specimens of semi-conductor radio apparatuses, to wit 
diodes and triodes. The use of semi-conductor gadgets in radio- 
equipment reduces size and dimensions and gives other advant- 
ages over equipment employing tubes. 


Some Achievements in Mathematics and Chemistry 


The rapid development of modern physics and engineering 
has confronted mathematicians with new tasks. Soviet scientists, 
continuing the glorious traditions of Russian mathematics, have 
introduced many new elements in the development of both 
theoretical and applied mathematics. Soviet mathematicians, 
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Academicians I. M. Vinogradov, A. N. Kolmogorov, S. L. ‘Sobolev, 
M. V. Keldysh, M. A. Lavrentiev and others, enjoy well-merited 
fame in the USSR and abroad. 


The new tasks, which have arisen before mathematics, have 
brought into being such trends as the theory of information, the 
theory of programming, the theory of computing machines. 
Mathematical logic has found an important application. No 
sphere of theory or practice is able today to get along without 
using complex mathematical apparatus. Fast-computing machines 
solving various problems of nuclear physics, aerodynamics, radio- 
engineering, astrophysics, etc., have been created in this country. 


An eminent place in the general achievements of Soviet 
science which have made it possible to solve important problems 
to technical progress belongs to the Soviet chemistry. A valua- 
ble contribution to the development of both theoretical and ap- 
plied chemistry has been made by Soviet chemists working under 
the guidance of Academicians A. N. Nesmeyanov, N. N. Seme- 
nov, A. Y. Arbuzov, A. P. Vinogradov, B. A. Kazansky, A. N. 
Frumkin, M. M. Dubinin, I. I. Chernyayev and others. 


An outstanding achievement of Soviet chemistry, for inst- 
ance, is the theory of chain ramified reactions, created by N. N. 
Semenov and his school, which is of great significance for world 
science. A study of a large number of model reactions has made 
it possible to bring out the basic laws of chain processes, to 
outline ways for investigation of the various elementary stages 
of the process and, which is more important, the means of con- 
trolling a developing chain reaction. 


An exceptionally important role in the creation of commer- 
cial radium and natural radioactive elements, as well as in the 
industry of artificial) radioactive elements, belongs to the re- 
searches carried out by V. G. Khlopin and his disciples. It was 
under his direction that the first preparation of Soviet radium 
was obtained. V. G. Khlopin discovered the law of quantitative 
co-precipitation which makes it possible to calculate theoreti- 
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cally and work out new methods for the isolation of radioactive 
substances. 


Of much importance are the achievements in such new 
fields of chemistry as biochemistry, biophysics, organic chemistry 
of elements, and others. An important achievement in the field 
of the chemistry of organic compounds of elements, is the 
method of obtaining organic compounds of metals by means 
of diazo-compounds, discovered by A. N. Nesmeyanov. The 
theoretical and experimental researches of A. N. Nesmeyanov 
and his school have Jed to the creation of new methods in the 
organic synthesis of metals and elements and the production of 
a number of valuable new types of substances. 


K. E. Tsiolkovsky’s Ideas Being Realized 


Solution of one of the greatest tasks ever undertaken by 
man—the task of overcoming the force of gravitation and enter- _ 
ing cosmic space—would have been impossible without the 
creation of fast flying machines. In this field too outstanding 
achievements belong to Soviet scientists and designers. Fast 
jet planes are now flying on international air routes, evoking 
the admiration of specialists throughout the world. 


Russian science has remarkable traditions in rocket build- 
ing. More than half a century ago, when no aeroplanes even 
existed K. E. Tsiolkovsky, for the first time in the history of 
science, laid the foundations for the theory of jet propulsion and 
proposed a design for a rocket to travel in outer space. It was 
only upon the victory of the Great October Socialist Revolution 
that Tsiolkovsky’s ideas won the recognition of the Soviet Gov- 
emmment and science. 


At the end of the ’20’s there appeared in the USSR groups 
of engineers who carried out research in a number of concrete 
problems of the physics and technology of jet propulsion. Tire- 
lessly continuing his investigations into the dynamics of rockets, 
started by him at the beginning of the century, K. E. Tsiolkovsky 
had by this time arrived at the conclusion that a single rocket 
using chemical fuel could not achieve cosmic speed (8-11 km. 
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yer second). In search of a solution of the problem of achieving 
high speeds he came to the idea of the creation of multi-stage 
rockets, which has proved to be so fruitful. 


Thanks to the solicitude of the Communist Party and the 
Soviet Government the investigations in the field of jet propul- 
sion in the USSR were included, already during the first Five- 
Year Plans, in the group of special researches of state importance. 
This made it possible at the beginning of the °30’s, long before 
similar work began to be conducted abroad, to carry out stand 
tests of jet engines, and in 1933 to launch the first rocket designed 
by the engineer M. K. Tikhonravov for meteorological obser- 
vations. 


In postwar years Soviet scientists began to create ballistic 
and guided long-range rockets. The rocket techniques were 
developed and perfected both in the interests of the country’s 
defence and for the scientific purposes. 


Beginning with 1947, instruments lifted into the air by 
rockets have been used regularly for the study of the upper layers 
of the atmosphere and the processes occurring beyond its boun- 
daries. Radiation of X-rays by the Sun was discovered, informa- 
tion was obtained on the chemical composition of the atmos- 
phere at an elevation over 100 km., the concentration of free 
charges in the ionosphere, which plays a very substantial role 
in short-wave distant radiocommunications, was investigated, 
observations were made of the state of a living organism in a 
weightless condition, arising when the rocket begins its free 
flight, and a number of other valuable investigations were carried 
out broadening the horizons of scientific cognition and preparing 

conditions for the cosmic flight of man. 


An extremely important role in preparing the launching of 
the artificial Earth satellite has been played by the instrument 
manufacturing industry. The works of such eminent scientists 
as D. S. Rozhdestvensky, S. I. Vavilov, G. S. Landsberg, A. A. 
Lebedev, laid the foundation for the development of the Soviet 
optical industry. This industry has furnished the most modern 
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optical apparatus to our astronomical observatories. It succeeded 
in quickly equipping the optical stations for carrying on obser- 
vations of the satellite. It is now boldly competing with the 
American industry in the construction of giant telescopes. Yet 
there was a time when Russia imported even opera glasses from 
Germany! The designers and workers of the instrument 
manufacturing industry have done very much to help create 
the satellite. 


The victory of Soviet science, which has found its expres- 
sion in the launching of the first man-made Earth satellite, noted 
with great satisfaction by all progressive mankind, is a result 
not of individual record achievements of Soviet science, but of 
the creation of a single broad front of Soviet science, the creation 
of its basic-socialist industry. The socialist system has made 
science in the USSR mighty, the most progressive science in 
the world, capable of carrying out the lofty mission with which 
it has been entrusted, the mission of serving the cause of build- 
ing Communism. 


The power of Soviet science lies in its contact with prac- 
tical life. Its basic distinguishing features are collectivism, a 
wide scope of scientific work, contact with industry, selfless 
devotion to the interests of the people building socialism. Soviet 
scientists are participating with great enthusiasm in the carrying 
out of the grandiose programme of Communist construction 
charted by the 20th CPSU Congress. 


Last September, the Central Committee of the CPSU and 
the Council of Ministers found it necessary to draw up a long- 
term plan for the development of the USSR national economy 
for a more extensive period and charged the USSR Gosplan, the 
Councils of Ministers of the Union Republics, the Economic 
Councils, the USSR ministries and departments with the work 
of drawing up a national economic development plan for 1959-65. 
This decision states: “A major requisite for accomplishing the 
main task of the long-term plan is to extensively raise the pro- 
ductivity of labour on the basis of continued technological 


2u 


progress, the mastering and broad application of the achieve- 
ments of advanced science and technology in all branches of 
production. The new draft long-term plan should give wide 
scope to the development of all branches of science, theoretical 
research and new big scientific discoveries.” 


Thus, the Communist Party and the Soviet Government 
furnish a new stimulus for the creative work of Soviet scientists 
and open new broad prospects of scientific creation for the good 
of the Soviet Union. 


How and Why Does The Artificial Earth Satellite 
Travel ? 


The motion of the first man-made satellite, circling the Earth 
like a celestial body is governed by the same laws of celestial 
machanics as the motion of the Earth and other planets of the 
solar system around the sun. These laws were discovered by 
Kepler. Present-day celestial machanics are based on the law 
of universal gravitation discovered by Newton. 


The satellite circles the Earth with a tremendous speed. 
If not for the Earth’s gravity the satellite would travel in space 
uniformly and rectilineally. The Earth’s gravity deflects the 
satellite from its path and makes it revolve around the Earth. 


The movement of the satellite may be compared to that of 
a stone whirled in a sling. Holding one end of the sling in hand, 
it may be revolved in such a way as to make the stone fly in 
circles. Since we deflect the stone from its direct course the 
rope remains constantly tense. Its tension force is dependent 
on the stone’s velocity and increases with its acceleration. 


In the case of the satellite the role of the sling is performed 
by the Earth’s gravitation. There is, however, an essential 
difference which lies in the fact that the force of gravity acting 
upon the satellite has a quite definite value. Therefore, the 
satellite’s circular movement around the Earth is possible with 
a Certain, quite definite speed only. As the path of the satellite 
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lies comparatively not far from the Earth’s surface, its orbital 
velocity is some kilometres per second. 


The question may arise as to why this speed is the same 
for all bodies regardless of weight. After all, the force of gravi- 
tation attracting a heavier body is greater. At first glance it 
seems that the Earth’s gravity should force such a body to move 
along its circular orbit faster. However, if we bear in mind that 
the heavier the body, the more difficult it is to deflect it from 
its rectilinear course, in direct proportion to its weight, it becomes 
clear that the satellite’s velocity does not depend on its weight. 
That is why the speed which the first artificial satellite is 
travelling along its course will remain approximately the samc 
for future heavier satellites to be launched in the Soviet Union 
in the course of the International Geophysical Year. 


It should be noted that in order to launch still greater 
satellites into space it will be necessary to overcome a number 
of additional difficulties, Therefore, all further launchings of 
satellites will present a new important stage in the development 
of science and engineering. 


The force of the Earth’s gravity decreases as the altitude in- 
creases. Therefore, a satellite on a more distant orbit should 
revolve with less velocity. The variations in the speeds of 
satellites on different orbits within the limits of 1,000 km. above 
the Earth’s surface would be comparatively small. For a satel- 
lite circling the Earth at considerable distances, its velocity turns 
out to be much less. Thus, the Moon, which is also a satellite 
of the Earth and is at a distance of some 380,000 km. from the 
latter, circles it with a velocity of about 1 km. per sec., i.e. about 
eight times less than the speed of a satellite revolving not far from 
the Earth. If we keep in mind the fact that the path covered by 
the Moon in one complete circuit of the Earth is considerably 
greater than that of the man-made satellite, it will become ap- 
parent why one circuit of the Moon takes more than 8 times 
more time than the satellite. The Moon circles the Earth in 
about a month, while the satellite now makes approximately 
fifteen revolutions in 24 hours. 


In order to launch an Earth satellite it was necessary to 
raise it to a great height and accelerate it to the speed necessary 
for movement on its orbit at this altitude. The task of estab- 
lishing the satellite on its orbit is a very difficult one, the solution 
of which was made possible only due to the high level of rockct 
engineering in the Soviet Union. 


The satellite moves in its orbit without expenditure of 
energy. The satellite has no engine. It travels exclusively due 
to the velocity imparted to it by the carrier rocket. 


The fact that the velocity of a satellite at a higher orbit 
is less means that in order to establish it on such an orbit it has 
to be accelerated to a lesser speed. This, however, does not in 
the least mean that it is easier to launch a satellite on a higher 
orbit than a lower one. The point is that in launching the 
satellite the difficulties arising from carrying it to great heights 
are very great and with the increase in altitude they grow 
considerably. 


Separation of the satellite from the rocket took place after 
the necessary velocity for the satellite had been attained. The 
speed of separation itself was not so great. Therefore there is 
nothing strange in the fact that the rocket possessing nearly the 
same velocity after separation as that of the satellite itself con. 
tinues to move in an orbit close to that of the satellite. 


The satellite launched on October 4th is a first step in the 
conquest of interplanetary space. For the purpose of investigi- 
ting space surrounding the Earth in the future satellites will 
undoubtedly be launched circling at different heights, including 
altitudes exceeding 1,000 km. Modern science and engineering 


ay 
is quite capable of solving this task. 


As indicated, at each particular height the satellite’s move- 
ment along its circulating orbit takes place at a specific speed. 
If the satellite’s velocity is less than required, it will be easier for 


23 


the Earth’s gravity to deflect it from its rectilinear course; the 
satellite’s trajectory will curve earthwards, and it will begin to 
lower. If the speed is only slightly less than necessary, the 
descent will be insignificant and the satellite, having approach- 
ing the Earth with an increased velocity, will then be able to 
climb to its previous altitude, performing the same ascent and 
descent periodically with each subsequent revolution. 


If the difference in velocity from a circular one is greater, 
the descent of the satellite may be greater. In this case it may 
enter the dense layers of the atmosphere, and upon losing its 
energy due to friction caused by the air, will not be able to 
regain its altitude, and descending lower and lower it will get 
hotter and hotter, and burn away in the atmosphere. 


Thus, to enable a satellite to circle in its orbit at a pre-set 
altitude its velocity should be quite definite. It is impossible 
for two satellites to travel in the same orbit with different 
velocities. 


If at the moment of separation of the satellite from the 
rocket its speed is greater than that corresponding to the circular 
movement at a particular altitude it will be more difficult for 
the gravity of the Earth to deflect its path nearer to the Earth's 
surface. 


This is exactly what has happened with the first Earth 
satellite. In accordance with preliminary computations the satel- 
lite was provided with such a velocity that when it separated 
from the carrier rocket it was greater than the required circular 
velocity and therefore was able to attain altitude while moving 
in an elliptical orbit. Therefore, it is not accidental that the 
perigee of the orbit (minimum distance from the Earth) is in 
the Northern hemisphere, while the apogee (highest point of 
the orbit) is in the Southern hemisphere. 


If the velocity of a satellite upon separation from the rocket 
is considerably greater than that of a circular one, the satellite 
may attain a very great height, by far greater than initially 
attained by the rocket. If velocity upon separation from the 
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rocket reaches 11.2 km. per sec. or greater, the satellite will fly 
away into inter-planetary space. 


The speed of 8 km. per sec. is called the first cosmic speed, 
and is necessary to establish a satellite circling close to the Earth. 
The speed of 11.2 km. per sec. is called the second cosmic speed 
and is necessary to enable a cosmic ship, launched not far beyond 
the Earth, to overcome its gravity and start travelling in cosmic 
space as a new planet of the Solar system. Development of 
speeds lying between the first and the second cosmic speed 
makes it possible to launch satellites revolving in elliptical orbits 
whose perigees will be close to the Earth while their apogees 
will be at a considerable distance. And the more the initial 
velocity of the satellite, the more its orbit will be stretched out, 
and the farther it will travel from the Earth. 


The artificial satellite launched in the Soviet Union revolves 
at great heights reaching up to 900 km. at its farther-most point 
from the Earth’s surface. Though the density of the air at 
heights of several hundred kilometres is extremely small in com. 
parison with the density at the Earth’s surface, nevertheless at 
the great speed with which the satellite travels it is affected by 
atmospheric friction. Due to the force of friction and loss of 
energy the altitude of the orbit’s apogee will gradually decrease. 
The period necessary for making one complete revolution is 
decreasing, and on October 12 it was 95 minutes and 57 seconds. 
The decrease in period is not great and according to data 
published is 3 seconds in 24 hours. 


The slow decrease in period means that the satellite will 
circle the Earth for quite a time. It will, however, after some 
time descend to a height where it will burn away due to immense 
heat caused by friction in the denser layers of the atmosphere. 


The density of the air at great heights is not yet sufficiently 
known, and the data gathered through an analysis of the move- 
ment of the first man-made satellite will considerably improve 
our knowledge of the upper layers of the atmosphere, and make 
it possible to estimate accurately the life-time of satellites to he 
launched in the future to different heights. 


2O 


The data gathered, however, on the density of the upper 
atmosphere gives us the right to attest that at the present level 
of rocket engineering it is quite realistic to speak of launching a 
satellite the life-time of which could be decades and hundreds 
of years. Such a satellite would be, practically speaking, a per- 
manent one, Its position in the sky may be determined before- 
hand for quite a long period of time and with high accuracy. 
If we manage to launch a satellite to an orbit higher in all its 
parts than the 1,000 km. level over the Earth’s surface, then it 
will revolve practically in vacuum for an indefinite long period 
of time. 
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Sputnik No. I 


In line with the research programme being carried on 
under the IGY, on November 3 the Soviet Union launched its 
second sputnik. This was a new signal victory for Soviet 
science. As the result of a strenuous and fruitful research by a 
large team of scientists, engineers, technicians and factory work- 
ers, a sputnik with a payload of 508.3 kg., six times heavier than 
Sputnik No. 1, was made and aligned on orbit. This orbit is, 
moreover, much further away from the ground than that of 
Sputnik No. 1. 

Sputnik No. 2 is outfitted with a diverse package of scien- 
tific equipment enabling a wide programme of investigation to 
be carried out. This includes instruments for the investigation 
of cosmic radiation and the ultra-violet and X-ray regions of the 
solar spectrum, a hermetically sealed chamber with a test animal 
inside (a dog), radio telemetering equipment for relaying the 
results of measurements to ground-borne stations, radio trans- 
mnitters and also the required number of electric batteries. 


The Sputnik’s Orbit and Its Evolution 


Sputnik No. 2 was aligned on its orbit by means of a 
multiple-stage rocket. In the process of alignment the rocket 
rose to a height of several hundred kilometres away from the 
ground, and then at its last stage turned to move parallel to the 
ground at a speed of more than 8,000 metres a second, becom- 
ing a sputnik, At the moment of alignment on orbit the stocks 
of fuel in the rocket’s tanks had been expended and the engine 
had burned out. The sputnik continued to move due to the 
kinetic energy acquired from the take-off. 


The speed imparted to the final stage of the rocket was 
greater than the velocity required to have the sputnik travel 
along a circular orbit at a constant altitude of that of the point 
of alignment on orbit. For that reason the sputnik follows not 
a circular orbit but an elliptical orbit of which the apogee is 
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about 1,700 km., almost double the apogee of Sputnik No. 1. 
Since the size of the major semi-axis of the orbit of Sputnik No. 
2 is greater than that of Sputnik No. 1, the period of its revolu- 
tion round the Earth is also greater, being 103.7 mins. at the 
beginning of its flight. 


Owing to the increased period of revolution, Sputnik No. 2 
makes about 14 full revolutions round the Earth in 24 hours, 
whereas Sputnik No. 1 made about 15 revolutions at the very 
beginning. The shift of each turn of the spiral along the line 
of longitude due to the Earth’s sidereal rotation is roughly a 
fifteenth bigger for Sputnik No. 2 than for Sputnik No. 1. The 
distance apart between two turns of the ground spiral has 
accordingly increased by the same value. 


The resistance of the Earth’s atmosphere has had a braking 
effect on the sputnik and its orbit is thus changing in size and 
shape. Since the atmosphere is exceedingly rarefied at great 
altitudes, the braking effects acting on the sputnik are negligible. 
Therefore the changes in the orbital parameters are very slow. 
Since atmospheric density rapidly dwindles as height increases, 
the main braking effect is in the region of the perigee, that is 
at the point-closest to the Earth. At the apogee, the further- 
most point away, the sputnik moves at such a great altitude 
that it is already in outer space, outside the Earth’s atmosphere 
which is theoretically conjectured to reach up to a height of the 
order of 1,000 km. away from the Earth. 


The slowing down of the sputnik depends not only on 
atmospheric density but also on the sputnik’s shape and the 
ratio of its weight to the sectional area (on the so-called trans- 
verse load), When the transverse load is greater, the loss in 
speed is less. 


Two sputniks, established at the outset on one and the same 
orbit, but possessing a different braking value, will, within a 
certain period of time, move differently, as the orbits of their 
flight will change with different velocities. Here the shrinking 
of the orbit will be chiefly due to the lowering of the apogee. 
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At the outset Sputnik No. 1 and its carrier-rocket travelled 
approximately along one and the same orbit. The difference 
between their periods of revolution was negligible, the period 
being about 96.2 mins. But now, due to the slowing down of 
Sputnik No. 1 being less than that of the carrier-rocket, their 
orbits essentially differ. The apogee of the carrier-rocket is 
more than 100 km, lower than that of the sputnik. According 
to data for November 10, the carrier-rocket’s period of revolu- 
tion was already roughly 74 secs. less than that of Sputnik No. 1. 


The braking value for both the carrier-rocket and the sput- 
nik changes with time, due to the changes in the orbital para- 
meters. According as the orbit goes down, the braking increases 
in progression. This is lucidly corroborated by the results of 
observation. When the orbit falls to the height of the order 
of 100 km, the braking will be so great that the sputnik and the 
carrier-rocket will be intensively heated up and then continue 
to drop rapidly and burn up. 


The sputnik’s life-span depends on the value of the atmos- 
pheric braking. It is quite clear that the greater the period of 
revolution and the less the braking, the longer the sputnik’s life. 
Calculations based on data yielded by tracking Sputnik No. 1 
and its carrier-rocket warrant the presumption that the sput- 
nik’s life will be about 3 months, counting the day of its launch- 
ing. This means that Sputnik No. 1 will evidently travel along its 
orbit till the close of this year (1957). The life of the carrier- 
rocket will be less than that of Sputnik No. 1 and therefore we 
ought to expect the carrier-rocket to burn up before the sputnik. 
The great period of revolution of Sputnik No. 2 and the little 
importance of the braking value, which is less than for Sputnik 
No. 1, warrants the assertion that the time Sputnik No. 2 will 


travel along its orbit will be appreciably longer than that of 
Sputnik No. 1. 


Present systematisation of the results of trajectory measure- 
ments will enable us to determine fully the entire process of the 
evolution of the orbital parameters of both sputniks and obtain 
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important information about density distribution in the top 
layers of the atmosphere. Later, we shall be able to reliably 
forecast how long sputniks will live. 


Observation of the Sputniks 


Sixty-six special optical observatories, every astronomical 
observatory of the Soviet Union, and close to thirty foreign ob- 
servatories are tracking the first two sputniks and the carrier- 
rocket of the first Sputnik. At present, a whole network of 
optical observatory stations is being set up in the People’s De- 
mocracies. The number of foreign astronomical observatories 
taking part in the systematical observation of the sputniks is in- 
creasing with each passing day. The brightness of the carrier- 
rocket and the second sputnik have made it possible to include 
aerological stations of the Hydro-Meteorological Service which 
have piloted theodolite balloons in the system of visual obser- 
vation. 


As a result of optical observation, it has been determined 
that the carrier-rocket changes its shine. This is brought about 
by changes in its orientation in outer space. The shortest re- 
gistered visual period of the shine is approximately 20 seconds. 


Apart from visual observations, photographical observations 
of the carrier-rocket and the second sputnik are also taking 
place. Photographs taken at the Pulkovo Observatory, the Ob- 
servatory of the Astrophysical Institute of the Acadamy of 
Sciences of the Kazakh SSR, the Observatory of the Kharkov 
State University, and in other astronomical observatories of the 
Soviet Union, as well as photographs taken at the Crimson 
Mountain Observatory (Chinese People’s Republic), the Edin- 
burg Observatory (Great Britain), the Dancink Observatory 
(Hire), the Potsdam Observatory (GDR), and others have 
made it possible to define more exactly the orbits of the sputniks 
and the carrier-rocket. 
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Radio observations of the sputniks have provided a mass 
of important data. These observations were done at stations 
located at different latitudes and longitudes, by radio direction 
finders, DOSAAF clubs, by several technical institutes, and 
thousands of radio fans. The material amassed is so great that 
only preliminary analysis has been carried out by now. 


Of great importance are the measurements of the intensity 
of the field of radio signals received from the sputnik. These 
measurements were made by continuous automatic writing ma- 
chines and by individual measurements taken at definite inter- 
vals. The results of the measurements of the intensity of the 
field of radio signals have made it possible to evaluate the ab- 
sorption of radio waves in the ionosphere, including those areas 
which lie above the maximum ionisation of the main ionosphe- 
ric layer F, and therefore are inaccessible to ordinary measure- 
ments taken from the Earth’s surface. These measurements 
permit us to judge of the possible means of transmitting radio 
waves in the ionosphere. 


The results of radio signals received from the sputniks and 
the measurements of their levels has determined that these 
signals on the 15-meter band were received at distances far 
exceeding those determined by direct vision, for they were as 
great as 10, 12 and even 15,000 kilometres, and in some cases 
even greater. 


The fact that the sputnik, moving on an elliptical orbit, 
occupies various positions in relation to the basic maximum of 
electronic concentration in the Earth’s atmosphere is of great 
interest. In analyzing the materials gained through radio ob- 
servation, it is of importance to ascertain whether, at a given 
time, the sputnik was above or below the true height of the 
maximum of electronic concentration of layer F., information 
that is obtained on the basis of high-frequency characteristics 
of the ionosphere recorded by ionospheric stations. If, in the 
Southern Hemisphere, the sputnik moves above the ionosphere, 
than in the Northern Hemisphere, at times it is above the maxi- 
‘num ionisation of this layer, at other times it is lower, and at 
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still other times it is close to this maximum. Such conditions 
create a great variety in the means of propagating short waves 
over great distances. One such alternative is the reflection from 
the Earth’s surface of radio waves coming from above, that have 
passed through the layer of the ionosphere which are then 
followed by a one-tact reflection from the ionosphere in areas 
where the threshold frequencies are of sufficient value. 


In other instances, radio waves coming from above at a 
certain angle to the ionosphere are considerably refracted and 
therefore penetrate into this area which lies beyond the limits 
of straight geometrical vision. 


When the sputnik is close to the area of maximum ionisa- 
tion of the atmosphere there arise extremely favourable condi- 
tions for propagating radio waves through ionospheric radio 
wave transmitters. In several cases, as practice has shown, the 
radio-waves pass into the receiver after having circled the 
Earth along a greater orbit instead of following the shortest 
possible course. In several cases the radio signals produced a 
world-wide echo. In other cases the measurements of the inten- 
sity of the field were greater than they had been thought to be, 
according to the law of inversed proportionality of the first stage 
of the distance which also indicates the existence of wave-trans- 
mitting channels in the ionosphere. 


Interesting results have been obtained on the basis of 
Doppler’s Effect by tape-recording the changes in the tone of 
beats between the frequency of radio-waves sent out by the 
sputnik and frequency of vacillations of the local heterodine. 
Many such tape recordings have been made, and their results 
are now being analyzed. 


Undoubtedly, the final analysis of data based on radio ob- 
servations of the sputniks will bring about important dis- 
coveries of the peculiarities in the ionisation of the upper areas 
of the ionosphere and also of the absorption and nature of the 
radio-waves propagated therein. 
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Structure of Sputnik No. 2 


As has been indicated above, Soviet Sputnik No. 2, at — 
variance to Sputnik No. 1, is the last stage of a rocket, housing 
all the scientific. and measuring equipment. This way of hous- 
ing equipment appreciably simplified the task of ascertaining 
the sputnik’s bearings by means of optical observation, since, as 
ihe experiment with Sputnik No. 1 has shown, the tracking of 
the carrier-rocket proved to be far simpler than the tracking of 
the sputnik itself. The brilliancy of the carrier-rocket is greater 
than that of Sputnik No. 1 by several stellar magnitudes. The 
total weight of the package of equipment, the test animal and 
the electric batteries in Sputnik No. 2 is 508.3 kg. 


Arrangement of apparatuses in Sputnik II. 1. A protective 
cone which dropped off when Sputnik II had entered its orbit. 
2. An instrument for research of solar and X-ray radiation. 3. A 
spherical container with instruments and radio transmitters. 4, A 
frame on which the apparatus is placed. 5. A hermetically-sealed 
cabin with a dog. 


___ In the nose of the final stage of the rocket, fixed to a special 
frame are instruments for studying solar radiation in the ultra- 
Violet and X-ray regions of the spectrum, a spherical container 
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with radio transmitters and other instruments, and a hermitical- 
ly sealed chamber with a test animal (a dog) inside. The 
apparatus for cosmic ray investigation is fixed to the rocket’s 
body. The devices and containers installed in the rocket are 
shielded from the aero-dynamic and heat effects of the rocket’s 
passage through the dense layers of the atmosphere by a special 
protective cone. After the last stage of the rocket was establish- 
ed on its orbit, the protective cone was discarded. 


The radio transmitters, placed in the spherical containers, 
functioned on frequencies of 40.002 and 20.005 megacycles per 
second. The electric batteries, the heat regulation arrangement, 
and also sensitive elements for recording temperature fluctua- 
tions and other parameters were also placed in this container. 
In structure the spherical container resembles the first sputnik. 


The signals emitted by the radio transmitter working on 
20.005 megacycles (15 metres) were of a telegraphic order 
averaging around 0.3 secs. in length, with a pause of the samc 


Laika in the hermetically-sealed cabin of Sputnik I 


Unit of containers with scientific equipment of Sputnik II. 


time in between. Due to changes in some of the parameters 
inside the spherical container (temperature and pressure) the 
length of the signal and the pause also changed within definite 
limits. 


The transmitter working on 40,002 megacycles (7.5 metres } 
functioned under a continual emission regime. The conformity 
of the two transmitters to the indicated frequencies ensured 
investigation of the propagation of the radio waves emitted 
from the sputnik and the measurement of its orbital parameters. 
Moreover, reception of signals from the sputnik in all iono- 
spheric conditions was guaranteed. The choice of the wave- 
lengths and also the ample power of the transmitters enabled 
the broadest community of amateur radio operators to track the 
sputnik, along with stations specially assigned this task. 


The hermetically sealed chamber in which the test animal 
(a dog) was housed, was cylindrical in shape. To provide 


onditions to maintain normal life, it had a stock of food and 
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an air-conditioning arrangement consisting of a regeneration 
installation and a heat regulation system. Along with this, the 
chamber also had inside equipment for recording the pulse-beat, 
breathing and blood pressure, instruments for taking electro- 
cardiogrammes and also sensitive elements for measuring a 
number of parameters characterising the conditions inside the 
chamber (temperature, pressure). 


Both the chambers for the test animal and the spherical 
container were made of aluminium alloys. They had a polished 
surface, specially treated to impart the required coefficients of 
emission and absorption of solar radiance.. The heat regulat- 
ing arrangement inside the spherical container and the animal's 
chamber maintained the set temperature, deflecting the heat 
into the hull by compulsory gas circulation. 


Apart from the indicated equipment, the body of the last 
stage of the rocket had on it radio-telemetering measuring 
equipment, instruments for temperature measurement, and 
electric batteries to feed the scientific and measuring instru- 
ments. The temperature in the outer surface and inside the 
animal’s chamber and also of the individual devices and ele- 
ments was ascertained by means of temperature senders fixed 
onto them. The radio-telemetering equipment relayed to 
ground-borne stations all recordings of all the measurements 
taken on the sputnik. The broadcasting of this data was done 
periodically according to a special programmed arrangement. 


The research programme involved in the taking of measure- 
ments by Sputnik No. 2 was to cover a period of 7 days. By 
now it has been carried out. The sputnik’s radio transmitters 
and also the radio-telemetering equipment have stopped work- 
ing. The further tracking of the motion of Sputnik No. 2 to 
study the characteristic features of the top layers of the atmos- 
phere and forecast its flight is being done optically and by radar. 
The sputnik enabled scientists to conduct for the first time 
several experiments in the top layers of the atmosphere, experi- 
ments previously unthinkable. 
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The Sun’s Short-Wave Radiation 


Investigation of the short-wave ultra-violet radiation of the 
Sun is of paramount scientific and practical interest for physics, 
astrophysics and geophysics. As investigation carried on in 
recent years has shown, apart from the visible light, the Sun 
emits a radiation encompassing a wide range of wave-lengths, 
from X-rays with a wave-length of the order of several one 
hundred-millionths of a centimetre, to radio waves of several 
metres in length. 


The emission of the short-wave region of the solar spectrum 
(remote ultra-violet and X-ray radiation), and also of radio 
waves is linked with the physical processes taking place in the 
exterior layers of the Sun’s atmosphere (the chromosphere anil 
the corona, regions we have little knowledge about), and has 
the most serious effects on the Earth’s atmosphere. Investiga- 
tion of the Sun’s chromosphere is concentrated mainly on the 
spectral line of hydrogen, on a 1,215 angstroms (an angstrom 
is one hundred millionth of a centimeter), located in the remote 
ultra-violet region of the spectrum. The study of the corona 
is limited to the region of soft X-rays (from 3 to 100 angstroms ). 
The corona, which is comprised of extremely rarefied matter, 
has a temperature close to 1,000,000°C, but, furthermore, ap- 
parently the corona has regions with a still higher temperature. 
To this day the nature of the corona is still much of an enigma. 


The aggregate energy of this Sun’s short-wave radiation is 
comparatively small, being tens of thousands of times less than 
the energy the Sun emits as visible light, but it is this radiation 
that exceedingly greatly affects the Earth’s atmosphere. The 
reason is that short-wave radiation is exceedingly active and 
can ionise air molecules, thus engendering the ionosphere, 
which is the strongly ionised upper layers of the atmosphere. 
According to existing notions, the nether layer of the ionosphere 
which stretches at a height of between 70 to 90 km (the D 
laver) is formed through the ionisation of air molecules by the 
emission of the spectral line of hydrogen from the chromosphere, 
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while the next layer, at the height of between 90 to 100 km (the 
E layer), owes its ionisation to the corona’s X-ray emission. 


The condition of the exterior layers of the Sun and of the 
ionosphere is not constant; it changes continually. It has been 
found that there is a close link between solar activity, the ap- 
pearance of so-called chromospheric eruptions, and ionospheric 
absorption of radio waves, resulting in the interruption of radio 
communication. This compels the assumption that there is a 
direct bond between the variations in the intensity of the Sun's 
X-rav radiation and ionospheric processes. 


The Earth’s atmosphere fully absorbs the Sun’s ultra-violet 
radiation, gating only a region of proximal ultra-violet radiation, 
contiguous to the violet in the visible spectrum. These absor- 
bing effects of the terrestrial atmosphere shield living organisins 
from the Sun’s deadly short-wave radiation. But at the samc 
time it makes investigation of this radiation from the ground im- 
possible. The absorption by the molecules of air is so great 
that to observe this short-wave radiation we must be altogether 
outside the Earth’s atmosphere, and place our instruments on a 
sputnik. Though the use of high-altitude rockets has also yiclded 
valuable results, only the sputniks enable us to carry on systema- 
tic measurement, over long periods of time necessary to study 
the variations in the intensity of short-wave ultra-violet radia- 
tion. 


Three special photo electronic multipliers, set at an angle 
of 120° to each other, serve as receptors of radiation. Each 
photo multiplier is consecutively covered with several filters of 
thin metallic and organic film and also of special optical mate- 
rials, making it possible to single out the different bands in the 
X-ray region of the solar spectrum, and the hydrogen line in the 
remote ultra-violet region. The electric signals given out by the 
photo-multiplier trained on the Sun were amplified by radio 
arrangements and telemetered to ground-borne stations. 


Owing to the continual change in the sputnik’s bearings 
with respect to the Sun and also to the fact that part of its orbit 
was not lit by the sun for a certain period of time, the electric 
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circuits:in the apparatus were switched on, in order to feed the 
batteries, only when the Sun came within the range of vision of 
any of the three light receptors. This was done by means of 
photo-resisters lit by the sun at the same time as the photo 
multipliers, and by an automatically working arrangement. 


Along with sputnik observation of solar radiation, this was 
done also by the entire network of ground-borne “Sun service” 
stations incorporated in the IGY programme. These observa- 
tions were carried on by astrophysical observatories and by 
stations studying the ionosphere and receiving the Sun’s radio 
waves. Systematisation of all these observation materials will 
enable us to draw the first conclusions as to the connection be- 
tween the Sun’s ultra-violet and X-ray radiation and the process- 
cs taking place in the Sun’s chromosphere and corona, and like- 
wise the state of the Earth’s ionosphere. This data will pave 
the way for subsequent systematic observation. 


Cosmic Radiation Study 


In the womb of outer space the atomic nuclei of different 
elements are accelerated and acquire very great energies. The 
cosmic radiation that thus originates affords the opportunity of 
investigating outer space at great distances away from the Earth 
and even from the solar system itself. As they travel towards 
the Earth from their birth-place, the cosmic rays undergo the 
effects of the surroundings through which they pass. Due to « 
whole number of processes the constitutional structure and in- 
tensity of this radiation change. In particular, the number of 
cosmic ray particles will increase, if there be intensive explosions 
on the Sun and if the conditions are created for accelerating 
atom nuclei to great energies. Thus, there arises an additional 
stream of cosmic rays, sent out by the Sun. 


The Sun is also a source of corpuscular radiation. In the 
streams of corpuscular rays there are intensive magnetic and 
electric fields which affect cosmic radiation. Cosmic rays assist 
us in studying these streams at great distances away from the 
Earth. 
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Cosmic ray particles are strongly deflected in their passage 
through the Earth’s magnetic field. Only particles with very 
great energies will unhamperedly reach any spot on our planet. 
The less the energy of the particles, the smaller the places on 
Earth accessible to them. Particles with small energies reach 
only the polar regions. Thus the Earth is surrounded in its way 
by an energy barrier which furthermore decreases in height 
from an equatorial peak, as geomagnetic latitudes increase. 
Equatorial regions are reached only by cosmic protons with 
energies of more than 14,000 Mev. The Southern parts of the 
Soviet Union are accessible only to particles possessing energies 
of more than 7,000 Mev. Finally, the neighbourhood of Moscow 
is reached by all particles with energies of more than 1,500 Mev. 
The measurement of cosmic rays at different latitudes enables 
us to ascertain how many particles there are in the cosmic radia- 
tion and what energies they have. The dependence of the 
number of particles in cosmic radiation on the latitude, the so- 
called latitude effect, determines the distribution of the particles 
according to their energy, i.e. the energy spectrum of cosmic 
radiation. 


Due to a number of processes taking place in outer space 
and involving cosmic rays, their number and_ constitution 
changes. In some cases, as, for instance, when particles appear 
on the sun, there are reasons to expect that only the number of 
particles with small energies increases, whereas the number of 
particles with high energies remains without change. In con- 
tradistinction, changes in the Earth’s magnetic field and the 
effect of the Sun’s corpuscular radiation on cosmic rays change 
not only the number of particles with small energies but also the 
number of particles with high energies. 


To elucidate the nature of the changes cosmic rays undergo, 
we must not only establish the fact of the increase or decrease 
in the intensity of cosmic radiation, but also determine how the 
number of particles with different energies will change. Mov- 
ing at a speed of 8 km. per sec., the sputnik crosses from onc 
latitude to another in a very short space of time. ‘Thus by sput- 
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nik measurements of cosmic radiation we can ascertain its lati- 
tude effect and thereby the distribution of particles of this radia- 
tion according to their energies. The fact that there is a great 
number of these measurements is particularly appreciated. 
Therefore the sputnik will help us to trace not only the changes 
in the intensity of cosmic radiation but also in its composition. 


The particles comprising cosmic radiation are recorded 
aboard the sputnik by means of counters of charged particles. 
When the counter gates an electrically charged particle, there 
arises a spark sending an impulse to a radio arrangement of 
semi-conductor triodes of which the designation is to count the 
number of cosmic ray particles and send out a signal when a 
definite number of particles will have been counted. After the 
signal to the effect that a definite number of particles have been 
counted is broadcast, the cosmic ray particles are again recorded 
with a new signal sent off as soon as the same number of parti- 
cles will have been counted. By dividing the number of re- 
corded particles by the time in which they were counted we 
shall obtain the number of particles the counter gates each 
second, or in other words, we shall know the intensity of cosmic 
radiation. 


The sputnik had two identical devices for recording 
charged particles. The axes of the counters in both devices were 
reciprocally perpendicular. 


Preliminary systematisation of sputnik data on cosmic 
radiation has shown that both devices functioned normally. The 
dependence of the number of cosmic ray particles on the geo- 
magnetic latitude was clearly discernable. Systematisation of 
the great number of measurements of the energy spectrum of 
virginal cosmic particles makes it possible to investigate the 
changes that come with time in this spectrum and compare 
them with the processes which took place at that time in the 
outer space around us. 
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Study of Biological Phenomena in Conditiens of 
Space Travel 


To study several medical and biological questions, the 
sputnik had inside a specially hermetically sealed chamber 
containing a test animal (a husky named “Laika”), measuring 
equipment to record the animal’s physiological functions and 
also equipment for air regeneration, feeding, and removal of the 
animal’s excretions. Equipment designs took into consideration 
the requirement for the most stringent economy in size ancl 
weight, coupled with a minimum consumption of electricity. 


Functioning over a long period of time, the apparatus 
ensures by means of a radio-telemetering arrangement record- 
ing of the pulse-beat and breathing of the animal, his arterial 
blood pressure and cardial biopotentials, the temperature ancl 
the air pressure inside the chamber, etc. 


To regenerate the air inside the chamber and maintain the 
required gas composition, highly active chemical compounds. 
giving off the necessary amount of oxygen for inhalation and 
absorbing carbon dioxide and the surplus of vapour, were 
employed. Their amount in chemical reactions was automati- 
cally controlled. Due to the absence of air convection in con- 
ditions of zero-g, an arrangement for compulsory ventilation 
was installed in the animal’s chamber. -A set air temperature 
in the chamber was maintained by a heat regulating arrange- 
ment. To give the animal food and water during flight, the 
container had special feeding devices. 


The dog Laika, sent up aboard the sputnik, went through 
preliminary training. It was gradually accustomed to protract- 
ed sojourns in special clothing, in small hermetically sealed 
chambers, to the senders fixed in different places of its body to 
record its physiological functions, and so on. The dog was also 
trained to bear up under overstrains. The animal's resistance 
to the effects of vibration and some other factors was ascertain- 
ed in laboratory conditions. After long training the animal was 
able, over a period of several weeks, to remain calm inside the 
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hermetically sealed chamber, thus enabling the necessary scicu- 
tific investigations to be carried out. 


The study of biological phenomena involved in cosmic 
travelling of living organisms was made possible thanks to 
extensive advance experimenting with animals in conditions of 
short-lived flights aboard rockets up to altitudes of between 
100 and 200 km. These experiments were carried on in the 
USSR over a number of years. 


At variance with earlier investigations, the animal's travel 
aboard the sputnik makes it possible to study protracted effects 
of zero-g. So far zero-g effects could be studied aboard air- 
craft, only within a matter of a few seconds, or in vertical up- 
ward rocket flights, only in the matter of a few minutes. The 
sputnik makes it possible to study the condition of a living 
organism in a zero-g state lasting several days. 


The experimental data derived through the fulfilment of 
the programme of medical and biological research is currently 
being subjected to most detailed and thorough study. We can 
say already right now that the test animal stood up well to the 
protracted effects of acceleration when the sputnik was being 
aligned on orbit and to the subsequent state of zero-g which 
continued several days. The information received shows that 
the animal’s condition was satisfactory throughout the entire 
experiment, 


Without doubt, these investigations will largely contribute 
to coming successful interplanetary voyages and will pave the 
way for evolving the means to guarantee safety to human beings 
on space voyages. 


The Upper Atmosphere and 


its Investigation with the 


Help of the Man-made 
Earth Satellites 


The outstanding Soviet accomplishment in the field of roc- 
kets and artificial Earth satellites opens up new horizons for the 
widest programme of diverse scientific experiments earlier 
thought impracticable. Thus, with the help of the new means 
at our disposal, we can study the upper atmosphere and cosmic 
rays, detect in ultra-violet rays different astronomical objects. 
verify the theory of relativity, observe the Earth’s blanket of 
clouds, spot gravitation surface anomalies and tally the number 
of micrometeors. 


The upper atmosphere is now usually understood as the 
region above the altitude of 30 to 40 kilometres. Of great 
practical interest, it is the medium in which man-made satellites 
will revolve and through which the routes of future space ships 
will strike. Furthermore, it is the medium where radio waves’ 
propagate. The strata and regions with increased ionisation to 
form within this upper atmosphere either reflect or disperse 
these waves, thereby creating the necessary conditions for their 
propagation over great distances. At the same time, given cer- 
tain factors, the upper atmosphere becomes now and again a 
medium absorbing radio waves. 


The processes in this part of the atmosphere have as their 
characteristic trait a whole series of specific features, usually not 
characteristic of its lower regions. These inclide peculiarities 
linked with the unceasing chemical modification of atmospheric 
molecules and atoms and their ionisation under the effects of 
rigid ultra-violet, X-ray, and corpuscular solar radiation. (Cor- 
puscular solar radiation consists of rapidly moving elementary 
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particles, electrons, protons, neutrons, alpha-particles, etc.) 
Furthermore, in the top layers of the upper atmosphere the 
change in its relative atomic composition is substantial, being 
expressed in a preponderance of lighter molecules and atoms 
due to gravitational effects. The circulation of an ionised, elec- 
tricity-conducting atmosphere through the Earth’s constant 
magnetic field has as its concomitant the excitation of electric 
currents causing diverse variations in this field. 


Valuable information about upper atmosphere circulations 
was derived through optical and radar observation of drifting 
meteor traces and also through observation of solar and lunar 
tidal phenomena in the atmosphere. We customarily think of 
oceanic tides, but in the upper atmosphere these phenomena are 
far more intensive. As a result we were able to roughly chara- 
cterise the properties of the upper atmosphere. The tempera- 
ture in its upper part was thought to be several thousand 
degrees, and density, around 1,000 million molecules and atoms 
in 1 cu. cm. at the altitude of some 300 km. We must keep in 
mind the fact that ground air density is over 10,000 million times 
more. 


It was conjectured that the upper atmosphere had three or 
four distinctly different ionised strata. But our knowledge of 
the sun’s rigid ultra-violet and X-ray radiation which is absorb- 
ed by the atmosphere and do not reach the Earth was too hypo- 
thetical until quite recently, Upper atmosphere dynamics, link- 
ed with photochemical transformations and ionisation, remained 
vague. We also knew very little about the Sun’s corpuscular 
radiation, the cause of the Auroras and ionisation anomalies. But 
without an accurate knowledge of these disturbing agents it is 
hard to construct a general dynamic theory of upper atmosphere 
processes. 


Lately we have been intensively investigating emissions, 
that is, definite types of radiation from the upper atmosphere. 
In this way we obtained a wealth of valuable data. Thus, using 
the spectroscopic method, we found that at an altitude of some 
100 km. the terrestrial atmosphere is cooler above the equator 
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und warmer above the polar regions. This is an exceedingly 
essential factor for the origination of circulation. A higher tem- 
perature in the Polar regions results in a very peculiar structur- 
al composition of the top layers of the atmosphere, known as 
the exosphere. As you might know, in an extremely rarefied 
medium ionised particles can move only along the lines of mag- 
netic force. That is why masses of ionized particles, or pillars 
jut out above the warmed sections and are sometimes spotted in 
the twilighted exosphere. These are the so-called auroral 
flashes. Interesting data on ionisation was obtained through 
radar investigation of these auroras. 


Meteors greatly influence the properties of the upper at- 
mosphere. When they dive into the atmosphere, highly charged 
oxides of nitrogen and shock sound-waves, provoking medium 
density vacillations, are formed. The latter originate in the 
upper atmosphere also when infra-sound waves produced by 
winds, oceanic surface-disturbances, and the like—penetrate 
from the nether, ground atmosphere layers. Thus, talking 
figuratively, the outer layer of the atmosphere somewhat 
resembles frothy waves during a storm. 


In recent years substantially novel results have been ob- 
tained by using rockets for upper atmosphere research. It was 
found that density and temperatures dropped above altitudes of 
between 150 to 200 km. Exceedingly valuable results were ob- 
tained in determining ionisation. It was found that there took 
place a gradual smooth increase of ionisation, coupled with a 
great number of very shallow maximums which were hard to 
identify with the very distinct, simple layers conjectured earlier. 
Further, the real ionosphere proved to be lower than surmised 
before. Rigid ultra-violet and X-ray solar radiation was direc- 
tly measured. 


Measurement of rigid solar radiation absorption proved 
upper atmosphere density to be less. But the short-termed na- 
ture of rocket research is an essential drawback. 


Artificial satellites provide for long and continual observ:- 


46 


tion above various points of the globe and therein lies their basic 
advantage. 


Observation of rigid ultra-violet, X-ray and corpuscular 
solar radiation is most essential. Here it is very important to 
find the link between corpuscular inroads, on the one hand, and 
the rapid variation in the Earth’s magnetic field and the absorp- 
tion of radio waves, on the other. It is also very important to 
determine ionisation changes in space. By analysing magnetic 
field variations we may disclose a system of upper atmosphere 
currents. A study of the distribution of cosmic rays, which are 
charged particles, will help us to gain cognition of the outer 
magnetic field around the Earth, found lately not to dove-tail 
with earlier conceptions. 


Initial data indicating the constancy of the Soviet satellite's 
period of revolution bespeaks insignificant friction and, hence, 
small density in the upper atmosphere. Valuable data about 
ionisation and radio-wave propagation will also be deduced 
from material about the audibility of the satellite’s radio 
signals, An investigation of radiation from disturbance of the 
atmosphere by bodies moving with velocities of a cosmic order 
is of great scientific interest. This radiation will be particularly 
intensive when the satellite slows down somewhat and shifts 
to lower strata, exciting and charging the molecules and atoms 
of the surrounding medium, like a huge artificial meteorite. Co- 
ordination of all these observations with other ground observa- 
tions slated in the current International Geophysical Year pro- 
gramme is particularly valuable. 


Investigation of the Earth’s 
Magnetic Field by means 
of Satellites 


The Earth is surrounded by a natural magnetic field. Its 
properties, as for instance its guiding influence upon the mag- 
netic needle has already long been made practical use of, al- 
though the nature and the origin of the field itself are still 
unknown. The terrestrial magnetic field influences the move- 
ment of the charged particles coming to the Earth from the 
Sun out of space or formed in the upper layers of the atmos- 
phere when the latter are ionised by the ultra-violet rays of the 
Sun. This explains such geomagnetic effects as the latitudinal 
distribution of intensity of cosmic rays and the frequency of 
visibility of the Northern lights, the polarisation of radio-waves 
reflected from the ionosphere, and many other phenomena. 


Until recently, measurements of the terrestrial magnetic 
field were made either on the Earth’s surface or in its direct 
vicinity (from aircraft), and only lately Soviet scientists made 
several measurements with the help of rockets reaching heights 
a little over 100 km. A mathematical analysis of the data of 
terrestrial measurements led to a number of interesting conclu- 
sions. It appeared that the field observed on the Earth’s sur- 
face should be considered as consisting of two parts: One due 
to sources within the Earth, and the other, to extra-terrestrial 


sources. 


Although the share of the extra-terrestrial source of the 
field is small, from one to three per cent, and its size is just 
within the limits of accuracy of mathematical analysis, there 
can be no doubt of its reality. The existence of the external 
field is confirmed by the swift changes in the terrestrial magne- 
tic field, known as diurnal variations of the Earth’s magnetism, 
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magnetic disturbances and magnetic storms. These changes 
are closely inter-connected with many extra-terrestrial pheno- 
mena: Solar activity, the state of the ionosphere, the Northern 
lights, cosmic rays. 


A mathematical analysis of these changes shows that their 
sources are extra-terrestrial. Unfortunately, the analysis of the 
data of terrestrial observations can neither indicate the exact 
jocation of these sources of the field, nor determine their nature. 


Other data is required for this purpose. 


Investigation of diurnal variations, magnetic storms and the 
phenomena connected with them led scientists to assume that 
the external magnetic field may be due to systems of electric 
currents existing beyond the Earth. The most likely place 
where such currents can originate are the upper conduction 
layers of the atmosphere (the ionosphere). 


It is also assumed that currents may exist beyond the 
ionosphere. The sources of extra-ionospheric currents may be 
the charged particles, corpuscles, emitted by the Sun, captured 
by the Earth’s magnetic field and revolving around the Earth 
in the plane of its magnetic equator at a distance of several tens 
of thousands of kilometres from the Earth. The extra-ionos- 
pheric currents become intensified during magnetic storms when 
the Earth finds itself in the path of the intensive corpuscular 
streams ejected by the active regions of the Sun. During this 
period their magnetic field shifts the zones of the Northern 
lights nearer to the Equator and reduces the intensity of cosmic 
rays. 


The existence of sources of a magnetic field in the ionos- 
phere has been confirmed at present by direct magnetic 
measurements made with rockets. 


During the International Geophysical Year great attention 
is being devoted by Soviet scientists to a study of the Earth’s 
external variable magnetic field and its connection with solar 
and other geophysical phenomena. The variations of the mag- 
netic field will be recorded uninterruptedly by a large number 
of stations, It is also planned to measure the magnetic field 
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from satellites and rockets. Magnetic measurements by satel- 
lites will make it possible to survey the magnetic field enveloping 
the Earth at great heights. The object of magnetic measure- 
ments by satellites may be to verify the existence of extra- 
ionospheric currents, to obtain data on the ionospheric system of 
currents, and extend our knowledge of the main part of the field 
created by the sources within the Earth. Measurements made 
on satellites will help to verify whether the streams of solar 
particles are neutral or consist of electrically-charged particles 
of any given sign. 


Measurements of the magnetic field may be made by 
magnetometers installed on a satellite, the results of the 
measurements being broadcast to the Earth. 


Data on the field created by the extra-terrestrial sources 
may be obtained from a comparison of the measurement 
recordings of the field and the theoretical computations made 
on the assumption that the field is created only by sources with- 
in the Earth. A knowledge of the field of the external sources at 
great heights will promote a better understanding of its role in 
any given geomagnetic effect. It is not excluded that in some 
cases this role may be very considerable. In particular, it is 
possible that the recently-established non-coincidence of the 
geomagnetic equators of Earth, as determined by terrestrial 
magnetic measurements and by measurements of the intensity 
of cosmic rays, may be due to the action of the cosmic rays of 
the external sources of the field upon the charged particles. 


By observing the decrease in intensity of large magnetic 
anomalies from great heights we shall be able to judge whether 
the sources of these anomalies lie near the surface of the Earth 
or at a great depth. 
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Breaking into Cosmos 


In the course of the present International Geophysical Year 
Soviet scientists intend to study the atmosphere with the help 
of various apparatuses at heights of up to 1000 kilometres, that 
is, to explore practically the whole of the atmosphere surround- 
ing the globe. 

The attack upon the cosmos raises scores of questions 
which Soviet scientists must answer in order to be able to con- 
quer world space. 


For instance, why does a deep-sea fish swell and burst 
when it is brought to the surface of the ocean? Because its 
organism is adapted to life under a layer of water weighing 
scores of tons. Does that mean that the same thing will happen 
to man who lives at the bottom of the atmospheric ocean if he 
rises high above the Earth? 


Soviet scientists decided to try it out on animals. They 
placed dogs in a pressure chamber and reduced the air pressure 
30 millimetres of the mercury column for two-three hundredths 
of a second. The animals “flew up” as it were for an instant 
to a height of 22 thousand metres. Thirty seconds later subcuta- 
neous swellings appeared on the bodies of all the dogs. What 
happened to them? 


It was found that on rising to a height of more than 8000 
metres the nitrogen which the tissues of a living body contain 
in a dissolved state is transformed into gas. Bubbles appear in 
the vessels. At a height of 19,000 metres all the tissue liquids 
begin to evaporate. In all parts of the body, even in the heart 
cavity, water vapour, nitrogen and carbon dioxide appear. The 
higher the living organism rises the more rapidly and intensi- 
vely does this destructive process take place. Can it be pre- 
vented? Yes, without doubt. 


Flights to high altitudes must be made in airtight cabins. 
The idea of utilizing such cabins with normal pressure inside 
was expressed as far back as 1908 by the Russian scientist K. E. 
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Maishka lands from an altitude of 70 miles 


Tsiolkovsky. But how will a living organism feel in such a 
cabin? Besides that, could a human organism stand the tremen- 
dous acceleration which arises when a rocket is sent up? 


Man can easily stand any speed. Speed, but not accelera- 
tion. Soviet scientists were afraid that the overcharge arising 
in cases of great accelerations would disturb the activity of the 
organism and even destroy it. 


Does that mean that it is impossible for man to fly in a 
rocket? Only an experiment could supply an answer to this 
question. 


There was still another important problem that had to be 
rapidly solved. 
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Interplanetary space is filled with deadly cosmic rays. The 
atmosphere surrounding the Earth holds back the greater part 
of these rays. Only one-fifth of cosmic radiation penetrates to 
a height of 40 kilometres through the thick layer of atmosphere. 
The only way of finding out how dangerous these rays are in 
the upper strata is to send up animals to the high altitudes. 


Such experiments were performed. Stratosphere balloons 
filled with hydrogen were kept for 24 hours at a height of about 
27 kilometres carrying grey mice in their light gondolas. Biolo- 
gists attentively observed the rodents after their flight. The 
scientists were attracted by the fact that in many young mice 
two-three months after the flight the fur began to grow marked- 
ly grey in the sacrum-lumbar region. This is a typical symptom 
of radiation sickness. However, no other morbid symptoms 
were observed. 


Susliks, too, were sent up to the stratosphere. The journey 
did them no harm. But then again the scientists got an alarm- 


Some of the first space travellers 


ing signal. On returning from such a flight worms continued 
to reproduce every day as before, but their offspring degenerat- 
ed rapidly. The seventh generation of the irradiated worms 
perished without maturing. 


It was found that at a height of 22.9 kilometres the power 
of cosmic irradiation amounts to 15 milliroentgens a day, which 
is 150 times more than at sea level. Fifteen milliroentgens a day 
is an insignificant dose, but the radiation may consist of different 
particles. It becomes dangerous if it mainly consists of heavy 
nuclei with an exceptionally great penetrating capacity. Not 
only the amount of radiation but its composition changes with 
altitude. The increment of heavy nuclei is particularly notice- 
able beginning with the height of 35-40 kilometres. 


Soviet scientists were faced with a number of new ques- 
tions: is it true that at high altitudes the danger of meteorites is 
so very great, that a meteorite weighing half of kilogram can 
break with force a layer of aluminium several centimetres thick? 
What are the electric properties of the ionosphere at different 
altitudes? Only experiments could supply answers to all these 
questions. 


Soviet scientists decided to undertake experiments with 
dogs and began to prepare them for the voyage to great heights. 
Several tiny metal apparatuses were inserted directly into the 
bodies of the animals. With the help of these devices it would 
be possible to register every inhalation, every beat of the heart, 
the temperature of the skin and the activity of the organism as 
a whole. The dogs were kept in a pressure chamber, they flew 
in airplanes and fearlessly got into the rocket and after the tests 
jumped to the balances of their own accord. Only animals — 
which during the 7-10 days endured a three-hours’ stay in the 
cabin were selected for the flights. Among them were two 
dogs called Tsigan and Tezzi. : 


Strapped to special stands in the head part of the rocket 
Tsigan and Tezzi waited until they would be let out to play. 


But the men were in no hurry. On the contrary they moved 
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away for a whole kilometre from the powerful projectile. When 
only five rainutes were left until sunrise the huge rocket sudden- 
ly disappeared in a cloud of fire and smoke. 


The rocket gained speed as it rose higher. It already began 
to make 1170 metres a second. A film shot during the flight 
showed how the heads of the dogs were pressed to the floor. 
The fivefold overcharge made itself felt. The dogs began to 
weigh five times more than on Earth. However, no morbid 
phenomena were observed in the dogs. That means that such 
acceleration is not dangerous. The human organism can also 
stand it. 


Not without reason was the rocket sent up immediately 
before sunrise. The people that watched it were still in the shade 
but the rocket already shone like a star in the bright rays of the 
Sun. When it reached its highest point—a height of 110 kilo- 
metres its fuel came to an end and its motor stopped. For some 
time the huge projectile continued to fly upward by inertia, then 
it halted and, drawn to the Earth, began to fall. Those who 
followed the rocket with the help of apparatuses saw a second 
little star separating from it. That was the cabin with the two 
dogs. 


Unimpeded fall began and the state of weightlessness set 
in. The airtight cabin developed tremendous speed. But the 
nearer the Earth the more compact is the atmosphere. The fall 
became slower. Finally, parachutes opened automatically and 
the cabin smoothly fell to the ground. Its designer equipped it 
with a good buffer. 


The first stage of the researches was successfully completed. 
The flight did no harm to the dogs. As the next step it was 
decided to send dogs up not in a common chamber but in special 
togs made of rubberized cloth and a transparent plastic hood. 
The stock of oxygen in three cylinders (about 900 litres) lasted 
the animals for two hours. The recording apparatuses, a para- 
chute and the oxygen were placed on a catapult car to which the 
dog in togs was tied. The total weight of the car was 70 kilo- 
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grams. Two catapult cars with the dogs were placed in the 
bow of the rocket. 


At a height of 80-90 kilometres the right hand car was 
thrown out at the rate of 700 metres a second by an explosion 
of a pyroxiline cartridge from the detached head part of the 
rocket. This took only 0.2 of a second. Now the dog had to 
stand a sixfold overcharge. 


At a height of 35-50 kilometres when the velocity of the 
fall reached 1000-1150 metres a second a similar explosion threw 
out the dog in the left car. The animal’s parachute opened 
when it reached a distance of 4000 metres from the earth. In 
order to prevent suffocation flaps were made in the togs which 
opened automatically at a height of less than 4000 metres. 
Twelve dogs participated in the flights at the second stage of 
the work. During the tests none of the dogs perished due to 
oxygen deficiency, meteorite radiation or any other factors 
acting in the upper layers of the atmosphere. 


“Today we may state with assurance,” said Academician 
Blagonravov, “that the first step to man’s flight in a rocket has 
been already made. We are on the threshold of the realization 
of Konstantin Tsiolkovsky’s wonderful idea about interplanetary 
communications. I will say more, the level of modern technique 
has already made it possible to build a rocket for a flight to the 
moon. 


“A comparison of the results of our researches with those 
conducted in other countries to study cosmic space shows that 
our country not only does not lag behind in this field but has in 
some respects taken the lead. 


“There can be no doubt that very soon we shall send the 
animals to a still greater height and thus make a new leap into 
cosmic space,” concluded Academician Blagonravov. 


However, Soviet scientists were interested not only in phy- 
siological experiments. They tried to make as much use as pos- 
sible of every flight of a rocket. What other problems were 
solved in these flights? This question can be best answered by 
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the physicists S. M. Poloskov and B. A. Mirtov who made a very 
interesting report about the studies of the upper layers of the 
atmosphere with the help of rockets at a conference recently 


held in Paris. 


“When a rocket moves, it is surrounded by a cloud of gases. 
The great speed of the rocket and this cloud make it difficult 
to study the atmosphere in its pure state,” said the scientists. 


In order to avoid errors special mortars were attached to 
both sides of the rocket. Their tops were covered with cowls. 
At a definite height the mortars “shut out” an original container 
—a projectile two metres long and forty centimetres in diameter. 
In it were measuring devices, storage batteries, milli- and micro- 
ammeters, a camera with an armoured plate-holder, a programme 
mechanism, a watch and a motor which sets going the camera 
and all the automatic devices in the container. All these appara- 
tuses were tightly shut in the lower part of the projectile and 
the upper part contained the manometers and 500-3000 cubic 
centimetre cylinders. But the atmosphere at this altitude being 
extremely rarefied only a small amount of molecules of the sur- 
rounding gases managed to enter into the cylinders. Spectral 
analysis was to be made of the gas. It had to be done as quickly 
as possible because the composition of a gas even in a sealed 
glass vessel changes after several hours on earth. The vacuum 
in the cylinders is so great that the glass cannot stand normal 
pressure and the air molecules little by little penetrate through 
the intact walls. 


The ejected container falls like a stone to a height of 10-12 
kilometres and then the parachute opens. The device lands on 
a goffered cone with special bars which stick into the ground. 


Soviet investigators applied an interesting method in order 
to find out the velocity and the direction of the wind at great 
altitudes, Instead of the aparatuses the container was filled with 
five 15-kilogram smokeboxes, The smokeboxes exploded one 
after the other at definite altitudes. The artificial clouds that 
appeared at the time of the-explosion could be well observed 
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from the Earth for a long time. They were followed with the 
help of apparatuses and the picture of the movement of the air 
in different layers was made clear. 


In connection with the International Geophysical Year 
studies will soon be made of the “atmospheric ocean” at various 
heights and at various geographical points. 


Soviet rockets will reach altitudes of several hundred kilo- 
metres making it possible to conduct a comprehensive programme 
of researches. It was decided to send up rockets regularly in the 
course of the whole geophysical year, chiefly during the so-called 
world days and in the days when the processes on the Sun are 
particularly active. Twenty-five rockets will be sent in the Arctic 
from Franz-Josef Land, 70 from the central belts of the Soviet 
Union and 30 from the Antarctic, in the district of Miry. 


With the help of high altitude rockets micrometers will be 
studied which, as experiments show, leave signs on sensitive and 
polished plates raised to great heights. 


Finally, rocket technique will help find an answer to another 
interesting question, namely how does the inner life of the Sun 
influence the upper strata of the atmosphere and what processes 
take place in “kitchen” which makes the climate and the 
weather on the whole of the Earth. 


Medical Problems of Flight 
into Space 


The creation of the world’s first artificial Earth satellite by 
Soviet scientists is a decisive step in man’s conquest of cosmic 
space. A new era has begun, the era of flight beyond the earth’s 
atmosphere... . 


A new branch of science is being formed, “astronautic 
medicine.” It comprises a very wide range of problems. On 
the one hand, it is necessary to study the influence of various, 
often unfavourable factors of cosmic flight upon the human 
organism. On the other hand, specialists in the field of “astro- 
nautic medicine” in collaboration with designers, must work out 
means which will provide sufficiently comfortable conditions 
during flight and maintain the health and human capabilities, 
while in case of an emergency will save the lives of the space 
ship’s crew. 

The data on aviation medicine can help a great deal here. 
However, some of the problems are entirely new and still insuffi- 
ciently studied. 


After leaving the Earth, the rocket must overcome its pull. 
While the rocket’s engines are working and the speed of flight 
is increasing, the space ship and its crew will experience the 
action of acceleration. The physiological effect of overstrain 
upon the organism has been studied in detail and it has been 
demonstrated that the majority of healthy persons can, without 
substantial changes in their capabilities, undergo a 4- to 5-fold 
overstrain, if the action of the forces involved is directed along 
the axis of the body (from the head to the feet). In the horizon- 
tal position of the body, man’s resistance to overstrain increases. 
Greater acceleration values lead to disorders of the blood circu- 
lation and effect the central nervous system. 


Special overstrain-resisting suits, training and the choice 
of a man’s pose in the moment of the rocket’s rise, will make 
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it possible to raise the resistance to overstrain up to 12-15-fold. 
However, these figures refer to comparatively short-timed effects 
of acceleration. It is, as yet not clear how such accelerations 
can be tolerated for a longer time, i.e. during the period neces- 
sary for the space ship to rise, or for its return to Earth. 


After the gravitational pull of the Earth has been overcome 
and the rocket’s engines have been switched off, a state of 
dynamic imponderability is reached. 


The question to what extent such unusual conditions can 
change the functional condition of the organism has been the 
subject of wide discussion in literature, and a number of authors 
doubted the possibility of the organism to adapt itself to these 
conditions. It has been supposed that during prolonged action 
of imponderability serious disorders of the nervous regulation 
of the physiological functions may occur, especially of the blood 
circulation and locomotion. 


Basing one’s assumptions on theoretical data, it is possible 
to imagine that the life of the space ship crew will have its phy- 
siological and psychological peculiarities, connected with the 
absence of the force of gravity and considerable limitations of 
different external and internal (vestibular, proprioceptive etc.) 
stimulants. All these facts should make researchers look for 
means whereby to maintain an optimal level of the central ner- 
vous system's functional condition of the ship’s crew. A pro- 
longed condition of imponderability, will, perhaps, require the ° 
creation of special devices which will permit the crew to move 
about inside the space ship, to take food, water, and so forth. 


Even in the upper layers of the atmosphere its pressure is 
but a millionth part of the pressure at the Earth’s surface. Hence, 
the flight of man can be possible only in a hermetically sealed 
cabin. At present there are technological possibilities to produce 
hermetically-sealed cabins in which conditions normal for the 
life of man can be maintained for a prolonged period by regene- 
ration and conditioning of the air. At the same time it is neces- 
sary to take into account the possible damage to the cabin by 
meteorites. 
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If the hermetic sealing of the cabin will be destroyed at 
high altitude, it will inevitably lead to heavy disorders of the 
human organism and even loss of life, unless necessary safety 
measures are taken. For this reason, as well as in case of acci- 
dent, the crew must be furnished with special space suits. The 
possible effect of cosmic radiation presents a particularly compli- 
cated problem. Experimental data on this problem are limited. 


A considerable part of all the problems of space flight can 
be solved, and is being solved by world scientists in laboratory 
experiments on animals and human beings. However, in the 
laboratory, no matter how perfect the equipment may be, it is 
not possible to produce all the conditions of flight on the inter- 
planetary ship. This refers especially to problems of prolonged 
dynamic imponderability and cosmic radiation. Thus, experi- 
ments on animals, sent in rockets beyond the earth’s atmosphere, 
were a necessary step in the man’s conquest of the cosmic space. 


The development of rocket technique in the USSR made 
such experiments possible. Soviet scientists have carried out 
research work on animals, which were sent in rockets to an alti- 
tude of 100-210 kilometres, i.e. beyond the denser layers of the 
atmosphere. At this height, after the rocket’s engines were 
switched off, the rocket continued to rise and then dropped with 
an acceleration of gravity. Thus, during the course of several 
minutes it was possible to attain a state of dynamic impondera- 
bility, which is typical of flight into space. 


Experiments were made on dogs which, after the corres- 
ponding training, easily tolerated a prolonged stay in hermetically 
sealed cabins and space-suits. This made it possible to register 
their respiration, blood pressure and to take electro-cardiogra- 
phic readings without anaesthesia or fixation. F ilming was per- 
formed simultaneously with registration of physiological func- 
tions. Projection of the film made it possible to see the behavi- 
our of the animals in the unusual conditions. 


The problem of saving the animals during the falling of 
the rocket back to Earth appeared to be quite complicated. It 
was solved in two ways. In the first case the animals landed 
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together with the cabin with the help of special parachutes, 
while in the second, they were catapulted from the rocket on 
various altitudes of descending trajectory of flight. Following 
separation from the rocket, the parachutes on which vehicles 
with dogs wearing space-suits are landed, were automatically 
brought into action. 


Both systems of saving were successfully tested and cases 
of accidental death of dogs were rare. Their safe return to the 
laboratory made it possible to study the remote consequences 


of the flight. 


Data on physiological functions of animals during flight 
demonstrate that the condition of dynamic imponderability had 
no specific effect on the cardio-vascular system or respiration. 
The initial rise of arterial blood pressure, increased pulse rate 
and respiration were, evidently, a vegetative component of orien- 
tation reaction to the unusual stimulant. Normalization of these 
functions was noted after several minutes of flight in condition of 
imponderability. It is of interest to note that the pulse rate and 
blood pressure did not rise in anaesthesised dogs in condition of 
imponderability, but, on the contrary, had a tendency to decrease. 


Filming data of animals during flight in the rocket did not 
reveal any pronounced disturbances in their behaviour. There 
was no motor excitement or attempts to get rid of the straps. 
In prolonged observations of the dogs after the flight no de- 
rangements were encountered that could be ascribed to the 


effect of the flight. 


Consequently, it may be considered as proved, that short 
flights above the limits of the atmosphere do not cause substan- 
tial disturbances in the physiological function of the animals. 


A flight into space engenders a prolonged (many days) stay 
of man in space. However, there are, as yet, no scientific data 
concerning the prolonged effect of dynamic imponderability, 
cosmic radiation and other factors of flight. The successful start 
of the first artificial Earth satellite opens wide possibilities for 
carrying out prolonged experiments which do not differ from 
flights into space. 


Space Man 


In an interview V. V. Dobronravov, D.Sc. (Phy.-Math.), 
expressed the following views on the subject :- 


“Today we can already speak of Moon-bound flights as 
something within reach in the not so distant future. Indeed the 
carrier-rocket imparted to the world’s first man-made satellite 
an orbital velocity of some 8 km. a second. To send a space 
ship off to the Moon we need a speed of more than 11 km. a 
second, or but 3 km. more. Then the space ship will fly along 
an elongated ellipse and, after entering the Moon’s sphere of 
gravitation, will land there following some manoeuvring. 


“The whole journey will take not more than five days, at 
a minimum fuel outlay. It has also been calculated that we can 
get there faster, because if the space ship travels at a speed of 
more than 11 km. a second, it will be able to reach the Moon 
even within 24 hrs, We have such projects too. 


“Scientists both here and abroad are also planning to fly 
to Mars. This is how it is going to be organized. It is thought 
that ten space ships of 1,700 tons each will be aligned for flight 
on a flying airfield. From a circular orbit round the Earth they 
will emerge, following a transition orbit, onto an ellipse and 
move towards Mars, within the sphere of solar gravitation, 
without burning any fuel. It will take 256 days to get to Mars. 
To fly back the space travellers will have to wait on Mars or its 
artificial satellite until Mars and the Earth will be in a favour- 
able conjunction for a return flight. In all they will have to 
wait 440 Earth-days. Thus, the entire journey there and back 
will take 952 days, or nearly three years. Scientists presume 
this space voyage will already be a reality at the close of this, 
20th century. There are also projects for a quicker flight to 
Mars. 
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“At the outset, the space ships will fly without a crew and 
be controlled by radio. Only then will the day of pioneer 
astronauts arrive. 


“There will be special suits to maintain human life in space. 
These space-suits will have special devices to allow the human 
organism normally function in space. 


“On their flight space travellers will be in a “weightless” 
condition. So far we still know too little about what they will 
feel, how the alimentary and blood-circulation processes will 
proceed and how the brain will function. This is all being 
given serious study now both here, in the Soviet Union, and 
abroad. Most scientists believe that in this weightless condition 
the human organism can be adjusted to a normal life. At any 
rate, this was true of most people experimented upon. Apparently, 
this problem will find its solution some time from now. 


“The same goes also for the problem of the overstrains 
of inertia to which the human organism will be subjected during 
the active sections of the space-ship’s flight, ie., when the ship 
will greatly accelerate its motion. We know that the human 
organism can bear up under an extremely limited overstrain of 
inertia. Therefore, space-ships will have engines to make the 
take-off with an acceleration the human organism will be able to 
stand.” 
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Cosmic Flight Problems 


Even as late as two years ago the problem of cosmic flights 
and the building of artificial satellites of the Earth appeared 
highly fanciful. Only specialists were working on the basis of 
calculations and experience gained through the employment of 
several jet techniques, on designs of rockets to fly at an altitude 
of several hundred kilometres at tremendous speeds, such as are 
needed to set going a man-made satellite of the Earth. 


While serious technical difficulties are encountered in carry- 
ing out the projects, still by means of sectional rockets it is quite 
possible today to attain the required altitudes and speeds. 


A sectional rocket is essentially a system of rockets, operat- 
ing successively. To illustrate, a three-stage rocket is made up 
of three rockets which at first move together. At the start, the 
first and main rocket is put into operation. After it has accomp- 
lished its function it detaches itself from the rest and at that very 
moment the second rocket goes into operation; when the latter 
has accomplished its function it too is detached, and the third 
and last rocket begins to operate. As a result, it becomes possi- 
ble to shoot up to the required altitude at the needed speed a 
special body—a satellite of the Earth—equipped with instruments 
for scientific investigation and for communication with the Earth. 


It should be borne in mind that in the solution of this pro- 
blem substantial difficulties have arisen with respect to the pre- 
cision and dependability of the apparatus. It is enough to point 
out that at a speed in the neighbourhood of 8,000 metres a 
second an error within a few score metres a second in the deve- 
lopment of speed, or in the angle of the slope, that is, an error of 
one or two degrees in the required direction of the movement 
of the rocket towards the horizon. mav lead to a drop of more 
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than 100 kilometres from the rated altitude in another spot of 
the orbit. If the speed or direction is not right, the Earth’s 
satellite may not come out on the required orbit and drop into 
a denser atmosphere, where it will burn up like a meteor. 


It is necessary to solve a number of highly complex pro- 
blems to make it possible to conduct investigations on the satel- 
lite, transmit the results of the measurements to the Earth and 
maintain regular radio communication with the satellite. A basic 
requirement for conducting the experiments is small overall 
dimensions and small weight of all of the instruments and appa- 
ratus. 


The problem of cutting down the weight of the body and 
equipment is a major problem in aviation, in which important 
progress has been made. In aviation we have what might be 
called “weight cultivation”, which has favourably influenced 
other fields of engineering. For cosmic rockets and for artificial 
satellites, however, the problem of weight is especially acute and 
is raised anew. Each kilogram of weight of the satellite requires 
several hundred kilograms of weight of the auxiliary construc- 
tions, of the fuel and of the oxidising agent. 


To build cosmic rockets, radically new technical solutions 
are needed, solutions based on the application of the latest 
achievements of science and engineering with employment of 
semi conductors in radio instruments, remote control apparatus 
and in the exact automatic devices. Special automatic apparatus 
is required for research, among them special Geiger counters 
for studying the properties of cosmic rays, and photon counters 
for picking up the sun’s ultraviolet rays. Special apparatus is 
needed to investigate the Earth’s magnetic field and recorders 
are’ required to show the temperature and pressure in the satel- 
lite, and many other instruments. 


In order to be able to maintain radio communication with 
the satellite for a considerable time and make sure that its ins- 
truments work a considerable reserve of energy has to be stored 


on it. This makes it necessary to set up light sources of energy 
of large capacitance. 
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tions between the Earth and the artificial satellite. 
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A design of a freight rocket-ferry for two-way communica- 


sections have identical parts and an identical design: liquid fuel 
rocket engine (1); turbopumps for supplying fuels (2); tanks 
with hydrogen peroxide (3) for operating the turbopumps; fuel 
tanks (4); tanks for the oxidizing agents (5); the first and the 
second parts are equipped with landing parachutes’ (6); the 
first part has a stabiliser for steering in the atmosphere (7); the 
third part has wings and a rudder for landing on Earth when 
returning (8); the pilot's cabin (9) is near the passenger cabins 
und the baggage compartments (10). 


The pay-load of this rocket is 25 tons. 


Its three 


A gigantic Cosmic ship to carry the first space travellers to 
the borders of the Solar system 


The problem of new sources of energy is very important 
for the future development of the technique of cosmic flights. 
It is necessary to continue the many investigations in this sphere. 


Of great importance too is observation of the satellite, 
which will make a complete revolution in its trajectory in space 
in approximately an hour and a half. Because of the Earth’s 
rotation it will be possible to observe the satellite’s motion from 
the most diverse points on the Earth’s surface. 
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Only at altitudes of over 200 kilometres will satellites have 
a long lifetime. The denser strata of the air at altitudes rang- 
ing between 80 and 150 kilometres may rapidly retard the 
movement of the body. However, this range of altitudes is also 
of great interest for scientific investigations. 


Today there are already designs of flying machines for 
those altitudes. They are the satelloids, which are an interme- 
diary link between the ordinary rocket and a satellite. In 
contrast to the satellite, which following its set-off (if we leave 
out of account the resistance of the atmosphere) moves entirelv 
in conformity with the laws of celestial mechanics, without any 
other tractive power, a satelloid has to be equipped with an 
engine the tractive power of which will regulate the ascent or 
descent of the apparatus. Calculations have shown that a small 


The artificial satellite of the Earth 


stock of fuel will be needed to keep the satelloid moving at 
altitudes of approximately 100 kilometres. 


After losing some of their speed due to air resistance as 
they move in their orbit, the first satellites will drop into the 
dense strata of the air where they will burn up owing to aerody- 
namic heat. In view of this we can at the present time count 
on getting from the satellite only such information as can be 
transmitted by radio, which will yield far from complete data. 
Scientists are now making attempts to solve the problem of 
having the satellite return to the Earth from its orbit. This 
question has already become fundamental in projecting flights 
of human beings on the satellite and in general for future cosmic 
flights on vessels manned by crews. 


There is little probability of the satellite colliding with 
meteors large enough to be dangerous. However, there still 
remains the danger of the effect of cosmic rays on living orga- 
nisms staying long above the Earth’s atmosphere and in inter- 
planetary space. The heavy stratum of air in the atmosphere 
reliably protects us against their harmful effect. 


In programmes for the near future much attention should 
be given to studying the effect of cosmic rays on living organism 
in cosmic flights. Along with this it is necessary to study 
thoroughly a whole series of data of air medicine to learn what 
effect the setting off the cosmic rockets and long flights in them 
will have on human beings. Among other things, it should be 
borne in mind that all objects on the satellite will be weightless. 
Designs have now been submitted for artificial satellite in which 
gravitation is produced artificially. 


Recent years have witnessed intensive investigations of the 
upper strata of the atmosphere by means of rockets, in parti- 
cular rockets with dogs, which parachuted down safely to the 
Earth. Such investigations have their shortcomings due to the 
fact that the rockets stay up at high altitudes for a very brief 
time. 


Solution of the problem of building an artificial satellite 
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of the Earth to serve as an automatic laboratory over a long 
period is the first stage for interplanetary flights. 


The great Russian scientist K. E. Tsiolkovsky described in 
one of his early works, “Investigation of World Space by Means 
of Reactive Instruments”, the wide possibilities offered by 
rockets and their special significance to enable man to get 
beyond the atmosphere. However, the use of rockets for this 
purpose required a much higher development of engineering 
than there had been at that time. 


Many scientific works today are devoted to more remote 
plans of investigations in space near the Sun. Estimates are 
being worked on the possibility of a flight of a vessel manned 
by a crew, and calculations are being made of more favourable 
trajectories for a flight and landing on the Moon, a flight to 
Mars and other planets. Such calculations are useful already 
today. 


Calculations have shown that a flight to the Moon, landing 
there and return to the Earth, the present stage of rocket engi- 
neering being what it is, would require sending up from the 
Earth a rocket train weighing several million tons. Because the 
idea of building such a train is so fantastic, an idea has develop- 
ed of setting up an intermediate station on an artificial satellite 
of the Earth. A flight from such an intermediate station and 
return to it would require a more admissible starting weight of 
the rocket train. 


After it has become possible to fly safely to the upper strata 
of the atmosphere by means of satellites it will be possible to 
make a flight to the Moon. 


There are plans afoot for flying around the Moon without 
landing on it. Such flights are more realistic and apparently 
will be accomplished in the next few years. 


The development of science and engineering coupled with 
the power of Soviet industry is an earnest of success in realising 


mankind’s old dream of investigating interplanetary space. 
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A cosmic ship (1) to be used for long distance flights is 
actually a small artificial planet on which a complete cycle of all 
matter exchange is performed. A hot house (2) serves for the 
regeneration of the air and the food stocks. Tunnels (3) connect 
it with the ship’s main premises. The entire system revolves 
around a general centre of gravity, thus creating artificial gra- 
vity both in the ship’s living quarters and the hot house. While 
revolving it constantly has the transparent wall of the hothouse 
perpendicular to the rays of the Sun. 


Below is a chart showing the movement of water feeding in 
the hothouse. 


Rocket to the Moon 


Speaking of radio-controlled cosmic rockets at the astronau- 
tical section of the V.P. Chkalov Central Air Club some years 
ago, the Soviet scientist Y. S. Khlebtsevich broached a project 
to send a radio-controlled rocket to the Moon. When landed on 
the moon, it would release a small laboratory similarly control- 
led by radio from the Earth. The laboratory in turn would be 
fitted with a television transmitter and highly sensitive precision 
instruments to tell us all we need to know about the Moon’s at- 
mosphere and surface. 


The American magazine “Mechanics llustrated” recently 
carried an article by one Pier J. Hass who was troubled because 
most of the American rocket specialists proposed first to create 
a grand artificial satellite operated by a crew of men, and only 
then, after having erected gigantic interplanetary ships, to send 
the scientists on their first’ expedition to the moon. This would 
take the United States at least thirty years. The expenses, 
moreover, would be staggering. According to Y. S. Khlebtse- 
vich’s project, on the other hand, the flight to the moon could be 
carried out much sooner and considerably cheaper. 


Hass was very anxious. What if the USSR sent a cosmic 
ship to the Moon sooner than the USA; what if Soviet Russia 
captured this nearest of the planets and took possession in accor- 
dance with international law effective on Earth—just as it would 
a new island? “The Russians,” wrote Has, “would inflict us a 
heavy blow if they captured the Moon. The risk of America’s 
loss of ascendency in outer space and also in the matter of 
reaching the Moon is very real. Why shouldn't we make a great 
effort now to hoist the flag of the USA on the Moon?” ( Translat- 
ed from the Russian. ) 

The author then hurriedly went on to convince the readers 
of his magazine that the time had come for the USA to declare 
its rights on the Moon, “to secure the interests’ of the future 
generations of free mankind. If we don’t, the Russians will out- 
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Leaving the rocket’s dented body of landing the 
automatic tank disturbs the age-old dust of the 
Moon with its caterpillar tracks 


strip us: first they'll capture the Moon and then submit their 
conditions.” (Translated from the Russian. ) 


Questioned about this by a reporter of the “Trud”, Y. S. 
Khlebtsevich expressed the following views: 


“The flight to the Moon could become a fact in the next 


74 


The interior of the automatic tank: A tele-radio receiver (1) 
and a searchlight (2) on a special folding stand (3) are its 
“eyes. Diverse instruments (4) occupying the front part of the 
tank are its “organs of perception”. A special device (5) with a 
bit (6) serves for taking samples of the soil. Radio-tele-trans- 
mitting apparatus and wireless receivers (7) are mounted in the 
centre of the tank and are fitted with a collapsible antenna (8); 
an internal combustion engine (9) and electric motors (10) 
serve as the driving force for the tank's caterpillars. 


Batteries (12) serve as an additional source for fuelling 
these motors and the instruments. They are recharged by the 
thermoelectric generators (13). The fuel tanks (14) contain 
fuel and an oxidizing agent for internal combustion engine. 
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five or ten years. The possibility of such a flight is supported 
by sound scientific facts. A particularly important role in this 
will devolve on the radio control of cosmic rockets, youngest 
sphere of technics. The feasibility of the venture rests on the 
latest achievements in radio technics, radio location, automatics, 
telemechanics, electronics, television, the scicnce of transistors 
and, finally, in numerous branches of electro-technics. 


“This new sphere of technics will cnable us to dispatch the 
first cosmic rockets without crews and therefore without wait- 
ing for the final solution of the problem of man’s survival under 
new conditions. The start, the flight, manoeuvres and landing 
of the rocket will be implemented and controlled by radio-tele- 
apparatus on Earth and aboard the missile. 


“Directed from the Earth, the rocket would in turn ‘land’ 
.a mobile laboratory on the Moon; it would be mounted on cater- 
pillars like a small tank and likewise be controlled by radio 
from the Earth. The tank would be fitted with a television set 
which would enable the scientists to inspect and photograph the 
surface of the Moon, the lunar sky with its view of the Earth's 
disc and, finally, to map out the safest routes for the travelling 
laboratory. 


“The television broadcasts from the Moon will resemble the 
usual out-of-studio television broadcasts. Millions of T.V. own- 
ers on earth will be able to watch these broadcasts as they 
would any other. The short range of the usual television broad- 
casts is due to the fact that ultra short waves cannot bend about 
the Earth. A broadcast from the Moon, on the other hand, is 
quite feasible through the usual television stations by means of 
special apparatus to be designed by ourselves. 


“The construction of the cosmic rocket would be consi- 
derably simplified, since a small tank would not require those 
special conditions without which a crew of men could not do. 
Its fixtures will endure far greater acceleration, changes of 
temperatures and air pressure than man can endure. Nor is there 
any need to provide for the protection of the rocket and its tank 
from meteorites. And finally, the tank and the rocket could both 
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be left on the Moon without troubling about their return to 
Earth. The trip of the rocket, therefore, would be cut by one half. 
This would drastically reduce the required quantity of thermo- 
chemical fuel. Whereas the flight of an interplanetary ship 
with a crew of men along the route Earth-Moon-Earth would 
according to the projects of the “rocketeers” require some mil- 
lions of tons of rocket constructions and fuel besides the esta- 
blishment of a huge new satellite of the Earth, the one-way 
transportation of a small laboratory tank to the Moon would 
demand only 250 tons. 


“How is the radio rocket to be controlled? The trajectory 
and schedule of its flight will be ‘plotted’ by a special electronic 
computing machine. After its start, the rocket will be “watch- 
ed” by several autamatic radio location stations. Collaborating 
with the apparatus aboard the missile, they will determine its 
position and path with great precision. Their findings will pass 
on to the computing machine which, in the event of deviations 
on the part of the rocket, will promptly determine the radio 
correction commands. The refuelling of the rocket may be 
accomplished at intervals by means of automatic and likewise 
radio controlled refuellers. 


“After its successful landing, the laboratory tank could 
help the scientists to choose the most convenient place on the 
Moon for the landing of rockets carrying human crews and pas- 
sengers. Fuel, special equipment, water, air and food could 
then be carried to the Moon by other radio controlled rockets. 
They could land at appointed places signalled by the radio 
station of the tank laboratory which could serve as a beacon. 
This phase of the operations would be far too cheaper than the 
American projects. 


“The mastery of the Moon with the aid of radio rockets and 
tank laboratories,” concluded Y. S. Khlebtsevich, “will meet 
with no fundamental difficulties in the technics of rockets and 
remote radio control. 


“As for the article of Mr. Pier J. Hass and his appeal: ‘Let 
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us proclaim our rights on the Moon right now!’ we are some- 
what at a loss to understand it. The Soviet scientists are not at 
all out to erect military bases on the Moon from which to menace 
the United States. Our efforts in astronautics are directed to- 
wards learning the secrets of cosmic space as soon as possible, 
the better and more thoroughly to perceive the limitless uni- 
verse. In this we could, of course, unite our work with that of 
scientists in the United States and other countries.” 
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USSR—REFERENCE Boox in English 
USSR—100 Questions & ANSWERS in 
Hindi 
3. Tue Sranparp OF LIVING IN THE 
USSR in English f 
4. FREEDOM OF THE INDIVIDUAL IN THE 
USSR in English 
5. TRADE UNIONS IN THE USSR in English 
6. DEVELOPMENT OF Non-Russtan Lan- 
GUAGES IN THE USSR in English 
Soviet StupEents in Hindi 
8. Home & ScHoo in Punjabi 
Iiow tHE AGRARIAN ProBLEM Has 
Breen SOLVED IN THE USSR in English Rs. 0.20 


Available at — 
\ 1. Delhi Book Centre, 2 Marina Arcade, Con- 
naught Circus, New Delhi. 
International Book House, 17 Johnstonganj, 
Allahabad. 
Current Book Depot, The Mall, Kanpur. 
4. Punjab Book Centre, Post Office Road, Jullun- 

dur City. 

5. M/s New Century Book House, 9 Ballumuthu 
Street, Mount Road, Madras. 
Hindustan Book Depot, Post Box. No. 4548, 
Ripon Road, Bombay. 


ee 


a 


co 


to 


o 


*” 
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